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Some years ago, we reported that 3-phenylsydnone underwent dilithiation to yield 
the dilithio species, upon treatment with n-butyllithium. Subsequent reactions with 
electrophiles led to variously substituted aryl sydnones, dependent on the nature of the 
electrophile employed.  Sydnonimines, exocyclic nitrogen analogs of sydnones, exhibit 
interesting biological properties and, accordingly, it was of value to explore whether or 
not the dilithiation approach could be extended to such species.  
In the present work a series of N-6-ethoxycarbonyl-3-arylsydnonimines were 
synthesized from the corresponding sydnonimine hydrochlorides in moderate yields (22-
77%).  Attempted dilithiations of N-6-ethoxycarbonyl-3-arylsydnonimines and trapping 
with iodine proved to be problematic, yielding only the mono substituted (at the 4-
position) iodosydnonimine and not the desired disubstituted sydnonimine in a model 
study with N-6-ethoxycarbonyl-3-phenylsydnonimine.  The 4-iodo species was extremely 
unstable, decomposing to the parent sydnonimine on standing or exposure to moisture, 
however, by careful chromatography, it was possible to isolate the N-6-ethoxycarbonyl-
4-iodo-3-phenylsydnonimine in a very low yield (1.6%).  Further lithiations with 
 iii
different reagents and substrates led to many unidentified reaction products, none of 
which appeared to be a sydnonimine.   
Reactions of N-6-ethoxycarbonyl-3-arylsydnonimines with brominating agents 
(potassium bromate and N-bromosuccinimide) showed that the preference was for 
substitution on the sydnonimine ring (yields of the 4-bromo congeners ranged from 32-
90%).  With the latter, it was discovered that removal of the bromine at the 4-position 
could be effected cleanly using sodium borohydride.  The chlorinating agent potassium 
chlorate also showed a preference for substitution on the sydnonimine ring, however, 
other chlorinating agents (N-chlorosuccinimide and (dichloroiodo)benzene) did not effect 
chlorination on the aryl ring or sydnonimine ring in model studies with N-6-
ethoxycarbonyl-3-phenylsydnonimine.  Iodinating agents (iodine monochloride, N-
iodosuccinimide) did not react with N-6-ethoxycarbonyl-3-phenylsydnonimine in model 
studies.  Sonogashira coupling reactions with N-6-ethoxycarbonyl-4-bromo-3-
phenylsydnonimine and N-6-ethoxycarbonyl-4-chloro-3-phenylsydnonimine and terminal 
acetylenes showed that the chlorine at the 4-position could not be exchanged, and the 
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Sydnonimines 6 are members of a class of compounds known as mesoionic, and 
are specifically exo-imino analogs of sydnones 11,5,6.  Sydnones were the first recognized 
group of mesoionic compounds and have been by far the most studied of the two (named 
from their origin in Sydney, Australia).  In 1882, Emil Fischer2 reported that the 
oxidation of dithizone yielded a crystalline orange compound that he entitled 
dehydrodithizone and to which he assigned the bicyclic structure 2.  With time and more 
advanced analytical techniques available, a better understanding of such species was 
gained.  Thus, Baker, Ollis, and Poole3 suggested the term mesoionic (mesomeric/ionic) 
to describe the monocyclic, dipolar nature of compounds such as dehydrodithizone and, 
in 1955, the molecule was considered to be the first known mesoionic species and 
assigned the dipolar monocyclic structure 3.  It was recommended that to be considered 
mesoionic a compound should contain both a negative and positive charge (fully 
delocalized) and a planar five-membered heterocyclic ring with an exocyclic atom or 
group capable of supporting the negative charge.  Mesoionic compounds should also be 
resonance stabilized.  The mesoionic definition allows a distinction between mesoionic 
compounds and other related dipolar species such as zwitterions, betaines, and ylides.  
These other species have some degree of charge fixation whereas in the mesoionic 
systems the charges are delocalized. As a consequence, because the mesoionic systems 
are pseudo-aromatic, they can undergo electrophilic aromatic substitution.  While 
 1
dehydrodithizone was the first mesoionic compound, the most investigated examples 
have been the sydnones.  These molecules have been studied extensively in terms of their 
chemical, physical, and biological properties and applications.  Hundreds of sydnones 






















The first sydnonimines cf. 6 were synthesized in 1957 independently by Brookes 
and Walker5 and Ohta and coworkers6.  Both groups used synthetic routes, which 
consisted of strong acid (HNO3 by the former and HCl by the latter) cyclization of an N-
substituted-N-nitrosoglycinonitrile 5 having at least one α-hydrogen.  Each case seemed 
to be successful where an N-nitroso species was available by treatment of the 
corresponding N-substituted glycinonitrile 4 with nitrous acid.  The cyclization 
mechanism first involves the protonation of the nitrogen of the cyano group to eventually 














































In 1992, Turnbull and Beal4 reported that various 3-alkyl and 3-aryl sydnonimine 
salts could be synthesized using an efficient “one-pot” method.  This method prepared the 
sydnonimine salts in high yield, under mild conditions, by nitrosation of the 
corresponding glycinonitrile cf. 4 with isoamyl nitrite in diethyl ether followed by 
cyclization with dry HCl gas.  The advantage of this procedure accrued from the excising 
of an isolation step (of 5) resulting in the safer handling of the potentially carcinogenic 
N-nitroso species. 
Many sydnonimine salts with various substituents in the 3 and 4-positions on the 
ring have been synthesized by the cyclization of N-substituted N-nitrosoglycinonitriles 5 
in an acidic environment.  Most of the sydnonimines prepared contain a hydrocarbon 
substituent in the 3-position, e.g. alkyl7,8-18, cycloalkyl9,10,19,20, arylalkyl9,11-5,17,21-6 or 
aryl6,9,11,17,27.  Polymethylene-3,3’-bis-sydnonimines9,28,29 and phenylene-3,3’-bis-
sydnonimines9,16,30 have been described.  In addition, sydnonimines containing various 
functionalities in the hydrocarbon substituent have been synthesized, such as 3-
 3
hydroxyethyl14, 3-chloroethyl14, 3-carboxyalkyl31,32, 3-alkoxycarbonyl33, 3-
dialkylaminoalkyl34, and dinitromethyl-3,3’-bisethyl35 derivatives.  A variety of 4-
alkyl7,9,11-3,16,18,26,31,36,39, arylalkyl9,11,12,16,17,25,26, aryl9,11,12,16,17,25,26, chloromethyl18,44, and 
dialkylaminomethyl44 substituted sydnonimines have also been prepared.   
Cyclization to the mesoionic heterocycle is prevented by the presence of electron 
withdrawing substituents (e.g. nitro groups35, esters, carboxylic acids) in the ortho 
position of an aryl moiety attached to the central N in 5.  In addition, cyclization to the 
sydnonimine does not occur for N-nitrosoglycinonitriles 5 with an arylacetyl or sulfo 
group attached to the glycino nitrogen.   
The sydnonimine salts with a dialkylamino group attached at the 3-position (cf. 6, 
R=R’R”N) have attracted considerable attention due to their potent hypotensive activity 
by inhibition of monoamine oxidase.  These sydnonimine salts are formed by the 
conventional cyclization of N-nitroso derivatives of various N,N’-dialkyl and N,N’-
cyclohydrazino glycinonitriles under the influence of HCl36-47.  The morpholino36-8,44,45, 
piperidino36,38,39,46,47, piperazino36,45, and N’-substituted piperazino36,38,39,46,47 groups have 
received the most attention among sydnonimines of this type. 
In 1971, the N-nitrosohydroxyglycinonitrile 7 cyclization was reported to yield 






















 An unusual transformation of a sydnone to a sydnonimine was discovered by 
Fleischhacker and Urban in 198949.  Treatment of 3-(N-acetyl- or N-bromoacetyl-N-
benzylamino)-4-benzoylsydnone (10) with liquid ammonia at -78°C gave 3-benzylamino-




















 Sydnonimines unsubstituted on the exocyclic N atom are found as the 
corresponding salts cf. 12 (most likely the hydrochloride) and not as free bases cf. 6.  The 
free bases and salts of exo-N-substituted derivatives are, however, stable enough to be 
isolated.  The sydnonimine salt structure 12 is usually used to represent the sydnonimine.  
The IR structure of a sydnonimine hydrochloride shows deformation vibrations of the 
immonium group (=NH2+) at 1588-1606 cm-1 and intense stretching vibration bands at 
1671-1700 cm-1 for the exocyclic C=N bond52,53.  A more representative structure of the 
 5
sydnonimine salt, where the mesoionic structure is closely associated with an acid, is 
presented in 13.  The external nitrogen in the sydnonimine salt does react with 
electrophiles to form N-nitroso, N-nitro, N-acyl, N-phenylcarbamoyl, N-benzenesulfonyl, 
N-ethoxycarbonyl, and N-phenoxycarbonyl derivatives.  The aromatic nature of the 
sydnonimine ring is illustrated by the fact that N-acetyl-3-phenyl sydnonimine 14 (R' = 
H) can be brominated and mercurated at the C-4 position.  The position of the ring proton 






































Physiochemical Properties and Electronic Structure 
With few exceptions, sydnonimines are stable compounds that exhibit significant 
polarity.  Aryl sydnonimines are generally crystalline solids while alkyl sydnonimines are 
often liquids or low-melting solids that can be distilled in vacuo without appreciable 
decomposition.  Sydnonimines are soluble in many organic solvents with the main 
exceptions being non-polar solvents such as petroleum ether and hexanes.  Furthermore, 
sydnonimines are generally not water-soluble unless a substituent is a polar functional 
group.  
 
Infrared Spectra (IR) 
 As stated before, intense bands due to the stretching vibrations of the exocyclic 
C=N (1671-1700cm-1) and deformation vibrations of the immonium group =NH2+ (1588-
1606cm-1) have been observed in the infrared spectra of sydnonimine salts (cf. 12)52,60.  
The nature of the substituents in the third and fourth positions of the sydnonimine ring 
does not substantially affect the frequencies of these absorption bands.  The presence of a 
substituent on the ring carbon atom (C-4) to some extent diminishes the intensity of the -
NH2+.  The intensity of the band with the lower frequency (1588-1606cm-1) is 
substantially less in the 4-substituted sydnonimines compared to the unsubstituted 
compounds.  Assignment of these bands is based on a comparison between the 
sydnonimine spectra and those for salts of iminoesters and deuterated sydnonimine 
derivatives52,60.  While the characteristic sydnone C(4)-H absorption at 3165cm-1 is 
diagnostic for the presence of a proton at the 4-position, in the spectra of sydnonimine 
salts the low intensity band at 3110 to 3205cm-1 due to the C(4)-H stretch is sometimes 
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masked by the strong absorption for the -NH2+ in the same region50.  For the 3-
alkylsydnonimine salts, a very intense absorption band can be observed in the region 
1162-1216cm-1, probably due to the deformation vibrations of the sydnonimine ring52,60.  
In the spectra of 3-arylsydnonimine salts this band is less distinctive and less intense. A 
medium intensity band at 1492-1506cm-1 has been connected with the vibration of the 
benzene ring in some 3-arylsydnonimine salts.   
Nuclear Magnetic Resonance Spectra  
 The NMR spectra of sydnonimine salts (cf. 12, R’=H) [see Table 1] indicate that 
the proton at the 4-position appears at a higher chemical shift value (δ = 7.4-8.1)61 than 
the notably shielded location (δ = 6.2-6.8)33 in the corresponding sydnones.   
Table 1 
NMR Chemical Shifts (δ) of Protons at the 4-position of Sydnonimine Salts (cf. 12, 
R’=H) and Sydnones (cf. 1, R’=H) 
 
R Sydnonimine salt Sydnone 
Ph 8.69 6.78 
p-CH3 8.65 6.53 
p-OMe 8.59 6.31 
 
This characteristic was interpreted by Kier and Roche51 as a function of the induced ring 
current, similar to aromatic rings in general. The position of this signal may also then be 
considered as a measure of the degree of aromaticity.  In 3-phenylsydnonimine salts (cf. 
12, R=Ph, R’=H) the C(4) proton is less shielded than in the 3-alkyl derivatives.  This 
latter shift may be a result of the combined anisotropic effects of the two aromatic rings51. 
3-Methyl-4-unsubstituted N-acyl, N-carbamoyl, and N-thiocarbamoyl sydnonimine salts 
and free bases also display signals for the ring proton indicative of an aromatic ring 
(Table 2)55.  The sydnonimine salt spectrum usually shows a shift downfield for the C(4) 
proton when compared to the free base.  The degree to which this shift occurs depends on 
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the proximity of the proton to the ring, being most pronounced for those closest to the 
ring. This result suggests that the π-electron ring current is the causative factor.  The 3-
methyl group of 3-methylsydnonimine salts (and free bases) is considerably deshielded 
(5.5-5.9 δ), indicative of a substantial positive charge density at the N-3 position. 
Table 2 








R Form C4-H CH3-N 
COMe Free Base 8.00 4.24 
 Hydrochloride 8.72 4.48 
CONHEt Free Base 7.63 4.13 
 Hydrochloride 8.35 4.47 
 
The positions taken up by substituents entering the molecule in electrophilic 
substitution reactions (nitration and bromination) involving N-6-arylcarbamoyl-
sydnonimine have been determined with the aid of 1H-NMR data62. The 13C-NMR 
spectrum of 3-methylsydnonimine hydrochloride shows the C(4), C(5), and C(Me) 
carbons to have the chemical shifts of 97.3, 170.4, and 40.1 ppm, respectively.  Thus, the 
ring carbon at the C(4) position is considerably shielded compared to the ring carbons in 
many other heterocycles, which generally agrees63 with the higher effective charge at that 
position on the sydnonimine ring, as calculated by the CNDO/2 method.  The 13C-NMR 
spectrum of 3-phenylsydnonimine hydrochloride shows the C(4) and C(5) carbons to 







     Since their original preparation in 1957, the only general route to sydnonimines is still 
via the cyclization of an N-substituted N-nitrosoglycinonitrile 5.  The substituent R can 
be alkyl, or aryl, and the R' substituent can also be alkyl or aryl, or hydrogen.  The 
preparation of the N-nitrosoglycinonitrile generally involves the nitrosation of an N-
substituted glycinonitrile 4 with nitrous acid.  A variation upon this standard method has 
been developed by Turnbull and Beal in which nitrosation is effected under neutral 
conditions using isoamyl nitrite and diethyl ether, and cyclization to the sydnonimine salt 
using dry HCl gas.  The N-substituted glycinonitrile 4 is prepared by reacting a 
substituted aniline (no ortho substitution) with aqueous formaldehyde sodium bisulfite 
addition compound and subsequently aqueous potassium cyanide.  The external nitrogen 
can be functionalized by reaction of the parent sydnonimine with an acyl, carbonyl, 
thiocarbonyl, or alkoxycarbonyl halide in the presence of a base (usually pyridine) to 
form the corresponding N-acyl, N-carbamoyl, N-thiocarbamoyl, or N-alkoxycarbonyl 





























































 As congeners of sydnones, one might expect sydnonimines to undergo reactions 
similar to the former, e.g. electrophilic aromatic substitution at the 4-position and 
cylcoadditions with alkynes and similar species. However, the nature of the exocyclic 
group is sufficiently different that some modifications might be expected. A considerable 
amount of work has been performed in the past 40 years which shows that sydnonimines 
can react both with retention and opening of the ring in many unusual ways when 
compared to the apparently congeneric sydnones. 
Reactions with Retention of the Ring 
a) Reactions Involving the Exocyclic Group 
 N-6-Exocyclic derivatives of sydnonimines are obtained readily by the reaction of 
electrophiles at the exocyclic nitrogen atom.  As a result, the exocyclic amino group has 
been characterized as highly basic.  Sydnonimine hydrochlorides 12 can be treated with 
carboxylic acid chlorides (and congeners) or anhydrides in the presence of sodium 
acetate, sodium carbonate, sodium bicarbonate, or pyridine to give the free N-acyl 

























 Apart from the N-6-acetyl derivatives (16, R”=Me)6,7,10,11,14,21,25,30,36,41,48,55,66-68, 
which can be prepared by treatment with acetic anhydride in the absence of a base55, N-6-
substituted products are available with other alkanoyl15,66-68 and aroyl6,10,11,14-
6,21,25,36,55,56,69,70 substituents as well as with halogenoacetyl56,66-68, isonicotonyl15,71, and 
alkoxycarbonyl10,11,15,27,36,55,56 groups.  Interestingly, the N-6-formyl derivative of 3-
morpholinosydnonimine 18 was prepared by treatment of the N-unsubstituted 























 The N-6-methoxycarbonyl substituent cf. 19 can be obtained by reacting the 
corresponding sydnonimine hydrochloride with methyl chloroformate in the presence of 
aqueous potassium carbonate10,52,56.  Similarly, N-6-acetoacetyl derivatives, cf. 20, can be 
prepared by reaction with diketene in aqueous sodium bicarbonate55. 
 The combination of 3-phenylsydnonimine hydrochloride with potassium cyanate 
in water gives the N-6-carbamoyl derivative 21, whereas with potassium thiocyanate, the 
sydnonimine thiocyanate 22 is obtained72.  N-6-Carbamoyl or N-6-thiocarbamoyl 
derivatives can also be prepared by treatment of a sydnonimine hydrochloride with 
aliphatic or aromatic isocyanates or isothiocyanates in the presence of bases such as 
































 When the hydrochlorides of 3-isopropyl-4-methylsydnonimines are heated 
cautiously with phosphoryl chloride in dichloromethane, the corresponding N-6-
dichlorophosphino derivatives 23 can be isolated14.  N-6-Sulfonyl species, cf. 24, can be 
prepared similarly by reaction of the sydnonimine hydrochloride with the appropriate 
arylsulfonyl chloride10,11,64,71,73. 
 The nitroimine 26 can be formed by the reaction of acetic anhydride with 
sydnonimine nitrate 255.  This product is stable to water and cold mineral acid, but 




















+  N2O      +   H2O
Equation 1
 
 N-6-Nitroso derivatives 27 are formed by the reaction of sodium nitrite with 
sydnonimine hydrochlorides 126,25,53,58, and a number of N-6-nitroso derivatives with 3-
alkyl, arylalkyl, and aryl substituents have been prepared in this way.  It has been 
observed, in certain cases that the formation of N-6-nitroso derivatives requires an acid 
medium and the introduction of excess sodium nitrite in order to avoid the formation of 
the nitrite salt of the corresponding sydnonimine 2853.  The latter can be converted into an 
N-6-nitrososydnonimine 27 by treatment with acetic anhydride53 or directly from the 
sydnonimine hydrochloride 12 by reaction with HNO258.  Yashunskii et al.58 noted that 
N-6-nitrososydnonimines 27 were thermally unstable and did not give sharp melting 
points.  Later, however, it was shown74 that this was due to their conversion to sydnones 
29, presumably by intramolecular attack at C(5) by the nitroso oxygen atom and 









































b) Reactions Involving Substitution at the 4-Position and Subsequent 
Transformations 
 
 Analogous with sydnones, N-6-acyl derivatives of sydnonimines should undergo 
electrophilic aromatic substitution at the 4-position (when the 4-position is 
unsubstituted).  This substitution is not possible without the N-6-substituent because of 
the basicity/nucleophilicity of the N-6 site.  The bromination of N-6-acyl sydnonimines 
cf. 31 with bromine has been reported to occur smoothly6,9,20,42,53,75 in ether with an 
excess of sodium bicarbonate9,20.  However, the use of dibromodioxane or N-


















 Substitution seems to take place more readily for 3-alkyl derivatives than for the 
aryl analogues20.  N-6-Sulfonyl derivatives brominate as readily as the N-6-
acylsydnonimines73 and N-6-carbamoylsydnonimines containing alkyl substituents in the 
exocyclic group are also readily brominated at C(4)62.  Attempted bromination of N-6-
phenylcarbamoyl-3-butylsydnonimine (33, R=Bu), however, resulted in a mixture of 
compounds wherein para bromination in the exocyclic benzene ring to form 34-36 














34, R' = R" = H
35, R' = Br, R" = H





 The most commonly employed method for bromination at the C(4) position is the 
use of bromine.  While this works well in most cases, there are inherent advantages to 
using solid brominating agents such as N-bromosuccinimide.  Turnbull and Beal4 used 
the protocol (DMF as a solvent and adding NBS in portions with cooling) developed by 








37, R' = Me







39, R' = Me




Their initial results were disappointing; 6-acetyl sydnonimines 37 reacted sluggishly and 
even after the reaction was complete the desired solid products could not be obtained.  
The reaction of 6-benzoyl sydnonimines 38 had much more success.  The treatment of 
the latter with NBS in DMF under standard conditions gave excellent yields (79-89%) of 
the corresponding 4-bromo compounds 40.  In most cases, the use of NBS is a less 
hazardous replacement for bromine.  
 There have been a few effective methods for the removal of a bromine atom at the 
sydnone 4-position developed over the past 20 years.  These systems, viz. sodium 
borohydride109, sodium dithionite110, or sodium sulfite111, are sufficiently mild to permit 
the use of the bromine as a protective group for the 4-position in the presence of a variety 
of functional groups.  Each reagent has some distinct advantage over any of the others.  
Sodium borohydride gives the most rapid and cleanest reactions but cannot be used in the 
presence of carbonyl groups, while sodium dithionite does not affect such groups but is 
not effective in the presence of bulky substituents.  Sodium sulfite appears to exhibit the 
greatest selectivity, but more by-products were generally present.  Turnbull and Beal4 
reported that treatment of various 4-bromo-6-benzoyl sydnonimines 40 with sodium 
borohydride in methanol at room temperature for less than one hour gave excellent yields 
(76-91%) of the corresponding debrominated products 38.  The latter were also obtained 
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in excellent yields (77-92%) using sodium sulfite in methanol/ water at room 
temperature.  Reactions of 40 with sodium dithionite did not give good yields of the 
debrominated products and no obvious pattern of reactivity was evident. 
The introduction of chlorine and iodine atoms into the 4-position of N-6-acyl-3-
morpholinosydnonimines (cf. 16, R = morpholino) by reaction of the 4-unsubstituted 
species with N-chloro- or N-iodosuccinimide has been reported41,75. 
Kalinin and Cherepanov57 reported that 4-lithio and 4-cupro sydnonimines could 
be obtained, and that methods for the direct introduction of hydroxyalkyl, acyl, 
carbalkoxyl, vinyl, and aryl groups into the 4-position have been developed on that basis.  
In their study, they developed a method for the direct functionalization of sydnonimines 
using their organometallic derivatives.  Thus, the reaction of N-6-acylsydnonimine 
derivatives with butyl lithium afforded the corresponding 4-lithio-N-6-acylsydnonimines 
and the subsequent reaction with an electrophile afforded the 4-substituted-N-6-





















R2 = ButC(O), PhC(O), 
MeOC(O)
E+ = PhCHO, E = PhCH(OH)
E+ = CH3OC(O)Cl, E = MeOC(O)
E+ = CH2O, E = HOCH2
 
Unfortunately, 4-lithio sydnonimine derivatives exhibit low nucleophilicity and are 
thermally unstable. At -78°C, these derivatives do not react with active electrophiles such 
as trimethylsilyl chloride, methyl iodide, and allyl bromide, and they decompose at 
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higher temperatures.  Carbonyl containing compounds that are incapable of enolization 
were found to be the only type of electrophiles that react with 4-lithio sydnonimines. 
 The low stability of the 4-lithio sydnonimines and the small number of 
electrophiles that would react with them significantly restricted the preparative 
capabilities of using 4-lithio sydnonimines for the direct functionalization of a 
sydnonimine.  4-Cupro sydnones are known to be highly stable intermediates, and 
methods for introducing different substituents at the 4-position of sydnones via 
palladium-catalyzed cross-coupling reactions had been developed from 4-cupro sydnones 
in the past.  Kalinin and Cherepanov57 reported that 4-cupro sydnonimines could be just 
as stable as the sydnones.  The reaction of copper bromide and 4-lithio-3-cyclohexyl-N-
6-pivaloylsydnonimine formed the 4-cupro derivative.  An increase in the temperature to 
refluxing did not result in the decomposition of the 4-cupro sydnonimines.  Subsequent 
palladium-catalyzed cross-coupling reactions also proved successful with the 



















R1 = cyclo-C6H11, Me
R2 = ButC(O), CF3C(O)
R3Hal = PhCH=CHBr, PhI, PhCOCl
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Reactions with Opening of the Ring 
a) The Action of Acids 
 
 Contrary to the initial belief6,11 that sydnonimines are resistant to the action of 
acids even at higher temperatures, like sydnones they have been shown to be unstable 
 20
towards hot acid9,11,76-79.  Upon heating with HCl, sydnonimines cf. 12 are cleaved with 
the liberation of nitrogen gas and formation of the corresponding chloro or hydroxyl 









HCl, H2O RX    +    R'CHClCO2H    +     NH4Cl    +    N2
X = OH or Cl
41 42
 
 Confirmation that the reaction is catalyzed by the chloride ion and not by a proton 
is supported by a kinetic study of the cleavage of sydnonimine hydrochlorides with 3-aryl 
substituents.  The data indicated that nitrogen is evolved via a first order reaction and that 
the pseudo-unimolecular rate constant is directly proportional to the concentration of the 
HCl but is independent of that for sulfuric acid.  The specific effect of HCl may be 
explained by the ability of the sydnonimine cation to form ion pairs with chloride ion as 
shown in Scheme 2.  The rate of hydrolysis of sydnonimine salts generally increases with 































X = OH or Cl  
b) The Action of Alkalis and Other Bases 
 The hydrolysis of sydnonimine salts by aqueous alkali occurs differently from the 
acid hydrolysis.  When sodium bicarbonate is added cautiously at 0°C to sydnonimine 
salts, it is possible to isolate the corresponding sydnonimine bicarbonate salts 43.  If this 




































The corresponding N-nitrosoglycinoacetamides 44 are obtained by passing the 
sydnonimine salt (after treatment with sodium bicarbonate or caustic alkali) through an 
anion-exchange column saturated with hydroxide ion7,9,65,81.  The reaction of the 
sydnonimine hydrochloride with piperidine also gives the N-nitrosoglycinoacetamide 
4482.  Polarographic studies for a series of 3-alkyl sydnonimine hydrochlorides83 show 
that they are rapidly converted in a weakly basic medium (pH 11) to N-
nitrosoglycinonitriles 5 which give rise to the corresponding amides 44 at higher pH 
values.  Yashunskii et al.84 studied the kinetics of this ring opening reaction for 3-
isopropylsydnonimine hydrochlorides and established that the process is reversible in the 
pH range 7.15 to 8.60 and is first order with respect to the hydroxide ion.  Yashunskii 
suggested that the first stage involved the elimination of a proton from the salt, leading to 
the formation of the base 6 which is a cyclic tautomer of the final cleavage product, N-
nitrosoglycinonitrile (6, R=i-Pr, R’=H).  The rate-limiting step of the reaction is a 
bimolecular reaction involving attack on the base 6 by hydroxide ion.  The resultant 
reaction intermediate, which may have the structure 45, is converted into the 
glycinonitrile either directly with elimination of a hydroxyl group or via some unknown 
intermediate.  In the case of 3-aryl sydnonimines, the reaction is first order in both the 
heterocycle and hydroxide ion65.  Apparently the first step is proton elimination from the 
sydnonimine cation then spontaneous ring opening to give (5, R=Ar, R’=H) without 
























 Like sydnones46, N-exocyclic derivatives of sydnonimines generally are much 
more stable to alkalis and other bases.  While the majority of N-6-acylsydnonimines are 
resistant to the action of alkalis at room temperature they are cleaved on raising the 
temperature.  Heating N-6-acetyl-3-cyclohexylsydnonimine for ten minutes with a 10% 
aqueous sodium hydroxide solution gives an almost quantitative yield of N-cyclohexyl-
N-nitrosoglycinoacetamide (44, R=cyclohexyl, R’=H)55.  N-6-Ethoxycarbonyl-3-
morpholinosydnonimine85 has been used to show that the first stage of the alkaline 
cleavage of N-6-acylsydnonimines involves the formation of the “base” (as for 
sydnonimine salts) which is subsequently converted into a nitrosoglycinonitrile and a 
nitrosoacetamide.   
 N-6-nitro derivatives cf. 46 undergo an alkaline decomposition analogous to that 






































 Sydnonimines, like sydnones, do not occur in nature and have no known analogs 
among the natural and synthetic biologically active compounds presently known.  Studies 
involving their biological activity have been the focus of considerable attention due to 
their high and diverse reactivity and the possibility that they might be converted under 
mild conditions into bioactive N-nitroso compounds or amino acids.  Data on the 
antibacterial, antitumor, pharmacological, and biological activities of a number of 
sydnonimine derivatives have been collected51,86.  Daeniker and Druey54 and other 
workers67 described the analgesic, antipyretic, anti-inflammatory, antiallergenic, and anti-
hypertensive effects of sydnonimines, with the 3-benzylsydnonimine salt being 
particularly active.  Many studies have been conducted on the antiblastic activity of a 
number of mono and bis-sydnonimines; these showed no antitumor activity for the lower 
3-alkyl derivatives8,87.  3-Isopropyl, 3-cyclohexyl, 3-piperidinylethyl, and a number of 
alkyl-bis-sydnonimines on the other hand were able to inhibit at least one of the five 
grafted tumors employed87.  The sydnonimine salt, generally, has a favorable influence 
upon the antiblastic activity and, furthermore, with an increase in the length of the 
hydrocarbon chain in polymethylene-bis-3-sydnonimines, the antiblastic activity falls.  
Some have suggested that the antitumor activity of sydnonimines is associated with their 
conversion into N-nitrosoglycino acid derivatives, some of which have an inhibiting 
effect upon tumor growth88. 
 The salts of 3-aryl9, 3-benzyl16, and 3-ethoxycarbonylmethyl17 sydnonimines and 
their N-6-acyl66-69 and N-6-carbamoyl66-68,70,89-92 derivatives exhibit analgesic and 
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antipyretic activities.  Along with those properties, some 3-arylsydnonimines display 
anti-inflammatory action17,89-94.  Certain 3-aryl and 3-benzyl sydnonimines have found 
use in the treatment of rheumatism66-68.  Spasmolytic activity also has been demonstrated 
in 3,4-diaryl93 and 3-amino45 sydnonimines.  Many sydnonimine salts and their exocyclic 
derivatives exhibit anti-hypertensive activity with a fairly prolonged effect being 
observed for compounds containing a 3-benzyl group54. 
 3-Aminosydnonimine salts containing 4-chloro41,42,45, 4-bromo41,42,45, or 4-alkyl43 
substituents (as well as the dihydrochloride of 3,3’-(1”,4”-piperazino)bis-
sydnonimine37,38,45) have a dilating effect upon the coronary artery.  N-6-Benzoyl44,94, 
cyclohexanecarbonyl44,75, and ethoxycarbonyl95,96 3-aminosydnonimines proved to be 
still more effective.  One such compound, N-6-ethoxycarbonyl-3-morpholino-
sydnonimine 47 has been subjected to an extensive pharmacological study97-99.   
Under the trade names SIN-10, molsydomine, or morial100, this famous 
sydnonimine has found application as an anti-hypertensive drug.  Khmel´nitskaya et al.59 
found that the biological action of molsydomine is related to its ability to release nitric 
oxide.  The exocyclic ester function of molsydomine 47 is recognized by enzymes and 
converted to the corresponding molsydomine salt 48 (Scheme 3).  This salt undergoes 
fast nonenzymatic ring cleavage to give the corresponding N-morpholinonitroso-
glycinonitrile 49, which is quite stable at pH 7.4 under anaerobic conditions in solutions 
protected from light.  It is significant that NO rather than HNO is formed from 49.  N-
Morpholino-nitrosoglycinonitrile 49 is the activator of soluble guanylate cyclase (sGC); it 
increases the intracellular concentration of cyclic guanosine monophosphate (cGMP) and, 
correspondingly, enhances its effects as a vasodilator, inhibitor of thrombocyte 
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aggregation, neurotransmitter, and immune response regulator, typical of nitrogen oxide 



















































 Salts of certain 3-aminosydnonimines39 and their N-6-acyl derivatives101, as well 
as various 3-phenylalkyl sydnonimines12,13,21,102, act upon the central and peripheral 
nervous systems.  A number of sydnonimine salts have been shown to exhibit 
adrenopositive peripheral activity and exert a stimulating influence upon the central 
nervous system12,102.  The inhibiting effect of these compounds on the enzyme 
monoamine oxidase (MAO) has been studied in much detail12,33,102.  Among a large 
number of 3- and 4-substituted sydnonimines examined, the most effective inhibitors in 
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vivo (in relation to tyramine and serotonin as substrates) proved to be the hydrochloride 
salts of 3-(phenylethyl) sydnonimine 51 and 3-phenylisopropyl sydnonimine 52.  The 
latter also showed high activity in vivo in rats and it was demonstrated12,103 that the 
inhibition was a result of the sydnonimine itself and not a by-product of its metabolism. 
 Some alkyl and aryl sydnonimines were discovered to influence the central 
nervous system (CNS) and exhibit a peripheral sympathomimetic activity102-4.  Among 
these, the highest activity was observed with 53, which, under the name Sydnocarb, has 
found application in psychiatric practice as a drug acting both as a psychostimulator and 
antidepressant22-4,105-8.  In experiments on animals, this compound increases motor 
activity, shortens the latent period in conditional reflexes, has an activating effect upon 
the bioelectric processes in the cortex and subcortical structures of the brain, weakens the 
effect of hypnotic substances, and increases the body temperature.  Compound 53 is a 
non-toxic substance and has found application as a CNS stimulant in the treatment of 
various mental illnesses.  This compound has many advantages over preparations with 
similar activities.  Khmel´nitskaya et al.59 found that under chemical oxidation 47 and 52 
yielded 14% and 1% NO, respectively.  The authors also found that Sydnocarb 53 was a 
fairly active NO generator, although no exact yield was given.  It was also reported that 
when an alkylcarbonyl group was attached to the exocyclic nitrogen of a 3-












51, R = H
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Aims of the Present Work 
The main objective of this research was to explore routes toward the synthesis of 
functionalized fused-ring sydnonimines.  Turnbull118 had shown that sydnobenzotriazine, 
a fused-ring sydnone, cleaved under hydrolytic conditions to yield the benzotriazine 
carboxylic acid.  The by-product of this transformation was suspected to be a congener of 
nitric oxide (NO) and, accordingly, it has been of interest to prepare analogous fused-ring 
sydnonimines as possible NO prodrugs.  NO plays several major roles in the body, key 
amongst which is vasodilatation with consequent lowering of blood pressure. One 
effective antihypertensive, molsydomine 47, is now known to exert its effect by release 
of NO due to enzymatic activation.  The “trigger” mechanism in molsydomine is the 
exocyclic ester function.  This “trigger” is recognized by endogenous enzymes for 
breakdown.  The morpholino ring in molsydomine is the mediator for NO release.  With 
this information, it was of interest to prepare a series of sydnonimines bearing the 
exocyclic ester “trigger”, a fused-ring assisting in the breakdown of the molecule 

























Kalinin57 had shown that 4-lithio sydnonimines could be obtained, and that 
methods for the direct introduction of hydroxyalkyl, acyl, carbalkoxyl, vinyl, and aryl 
groups into the 4-position have been developed on that basis.  In his study, he developed 
a method for the direct functionalization of sydnonimines using their organometallic 
derivatives.  Thus, the reaction of N-6-acylsydnonimine derivatives with butyl lithium 
afforded the corresponding 4-lithio-N-6-acylsydnonimines and the subsequent reaction 
with an electrophile afforded the 4-substituted-N-6-acylsydnonimines in moderate yields.   
With this information, and previous work in our lab, demonstrating the 
dilithiation of 3-arylsydnones, it was of interest to see whether such studies could be 
extended to the sydnonimine realm.  Since the role of a sydnonimine ring as an ortho 
director of lithiation had not been established previously, it was elected to explore first 
whether or not 4-iodo-N-6-ethoxycarbonyl-3-(2-iodo) aryl sydnonimines could be 
prepared using this process, in part since (the corresponding sydnones were the most 
readily prepared congeners.  With these compounds in hand, subsequent reactions could 
be performed to prepare fused-ring sydnonimines containing the “trigger” mechanism 



























 Additional information about N-6-ethoxycarbonyl-3-aryl sydnonimines was also 
of interest.  Since brominations of sydnonimine hydrochlorides had been performed by 
Turnbull and Beal4 using various brominating agents with good yields, it was of interest 
to explore these techniques with N-6-ethoxycarbonyl-3-aryl sydnonimines also.  Besides 
brominations, iodinations and chlorinations of N-6-ethoxycarbonyl-3-aryl sydnonimines 
were also of interest using the methods described in past works.  With the various 
halogenated N-6-ethoxycarbonyl-3-aryl sydnonimines in hand, coupling reactions would 
also be of interest since it was known from previous work in this lab116 that 4-iodo and 3-
(2-iodo)phenyl sydnones could undergo Sonogashira coupling and subsequent reactions 
to form fused-ring sydnones. 
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In summary, sydnonimines 67-71 were chosen as starting materials because they 
could lead to functionalized fused-ring sydnonimines; the target molecules for this 
project.   
N
R
67, R = Ph
68, R = p-tolyl
69, R = p-methoxyphenyl
70, R = m-chlorophenyl





















Results and Discussion 
 
Preparation of Starting Materials 
a) Preparation of 3-Aryl Sydnonimine Hydrochlorides  
 
 As mentioned in the introduction, the synthesis of sydnonimine hydrochlorides 
consists of three stages, (1) the formation of an N-substituted glycinonitrile 54 having at 
least one hydrogen atom at the C-2 position; (2) the nitrosation of the glycinonitrile and 
(3) the cyclization of the resultant N-nitroso derivative 55 to the sydnonimine 
hydrochloride (Scheme 4).  The process used in this work to prepare the sydnonimine 
hydrochlorides 55 from the corresponding N-substituted glycinonitriles 54 was that 
developed by Turnbull and Beal4. Their “one-pot” method process was most efficient and 
























 A series of differently substituted aminoacetonitriles 56-60 was employed for the 
preparation of suitably substituted sydnonimines.  Of these, compound 56 is 
commercially available, compounds 57, 58, and 59 had been previously prepared in this 
laboratory and were used after purification. Compound 60 had not been previously 
prepared and, so, the corresponding glycinonitrile was synthesized from the 



















56 57 58 59 60  
 The “one-pot” method used to synthesize the sydnonimine hydrochloride (cf 54 to 
55) is fairly simple and, in general, works well.  The reaction times for nitrosation did not 
vary for the 3-aryl substituted glycinonitriles used and, in each case, after two hours at 
room temperature all of the starting material was converted to the corresponding N-
nitroso species by evidence of TLC.  After the corresponding N-nitroso species had been 
made in situ, dry HCl gas was bubbled into the reaction using a small glass sparging tube 
to effect cyclization to the corresponding sydnonimine hydrochloride.  In the earlier part 
of the work the HCl gas had to be generated from concentrated sulfuric acid and sodium 
chloride but, later on, a dry HCl gas cylinder was utilized and this approach gave better 
yields, more efficiently.   
Table 3 gives the yields for the sydnonimine starting materials 61-65 prepared 
from the corresponding aminoacetonitriles 56-60.  No free base forms of the 
sydnonimines were found, only the hydrochloride salts.  In the infrared spectra of the 
sydnonimines, intense bands for the exocyclic C=N (1671-1700cm-1) and the medium 
bands at 3110 to 3205cm-1 due to the C(4)-H were used to confirm the identities of the 
sydnonimine salts.  Further confirmation was provided by the 1H-NMR spectra of 61-65, 
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wherein a signal in the range 7.4-8.1 δ established the presence of the sydnonimine 
proton at the 4-position. 
Table 3 




Melting Point (°C) 
 
Overall Yield (%) 
61 177-179 78 
62 176-178 77 
63 190-191 86 
64 176-177 72 
65 187-189 12 
 
 As can be seen from Table 3, cyclization to compounds 61-64 from the 
corresponding glycinonitriles gave relatively good yields. In contrast, compound 65 had a 
very low yield due to the fact that the parent aniline was not purified. By TLC evidence 
the parent aniline leading to 65 had four spots, so only a portion of the material used was 
the actual m-bromophenyl aniline.  This lack of purity was not noticed until after the 
synthesis of 65.  As a result of this, it took considerable effort to isolate compound 65 
from the complex reaction mixture.  Eventually, all of the 3-aryl sydnonimine 
hydrochlorides used in this work were obtained as crystalline solids.  
N
61 62 63 64 65
N
O





















 As described by Turnbull and Beal4, o-substituted glycinonitriles could not be 
cyclized using the “one-pot” method.  This was confirmed in this work by attempting the 
reaction of o-chlorophenyl glycinonitrile (54, R = o-chlorophenyl, R' = H) with isoamyl 
nitrite and subsequent treatment with HCl gas.  TLC evidence showed that the o-
chlorophenyl aniline starting material was converted to the N-nitrosoglycine, however, 
the cyclization with HCl gas proved unsuccessful. By TLC examination none of the N-
nitroso species was converted and the latter could be isolated unchanged.  Turnbull and 
Beal4 suspected that electronic and steric factors contributed to the difficulty of 
cyclization. 
 
Preparation of N-6-Ethoxycarbonyl 3-Aryl Sydnonimines 
 With the desired parent sydnonimines in hand, it was elected to transform them to 
the corresponding N-6-ethoxycarbonyl congeners using ethyl chloroformate in pyridine 


































 This method worked well for the preparation of compounds 67-70 and gave 
moderate to low yields of each (Table 4).  The preparation of compound 71 did not work 
as well as the other compounds (this was seen throughout the entire synthetic 
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manipulations with this compound).  Many more equivalents of ethyl chloroformate had 
to be added and the reaction time doubled for the reaction to proceed.  While no obvious 
explanation presents itself, it is possible that basic impurities present in 65 necessitate the 
use of greater amounts of ethyl chloroformate.  
 
Table 4 
Preparation of N-6-Ethoxycarbonyl Sydnonimines 








67 2 4 121-123 65 
68 2 4 124-126 56 
69 2 4 156-157 70 
70 2 4 116-118 77 
71 6 8 119-121 22 
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 One drawback to this reaction is the large amount of pyridine used (5-30 eq), 
since it is used as both solvent and base; which led to tedious extractions. In general, 
work-up was as follows: after the reaction was complete, aqueous sodium bicarbonate 
was added to the reaction, the organic layer was then extracted with dichloromethane and 
dried (any unreacted sydnonimine hydrochloride was slightly soluble in water). This left 
the dichloromethane, pyridine, and product as an oil.  The dichloromethane was removed 
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in vacuo leaving just the pyridine and product.  To remove the pyridine in vacuo required 
a higher temperature and at first the stability of the product was unknown, so the pyridine 
was evaporated in a fume hood using a large Petri dish.  This then left the crystalline 
product and a very small amount of pyridine.  The last traces of pyridine were then 
removed by multiple recrystallizations of the product.  In an effort to improve this 
process, triethylamine was employed as the solvent and base, but no reaction occurred 
using this adaptation.  Eventually compounds 67-71 gave crystalline solids, and were 
isolated as the free base forms. 
 The 1H-NMR and 13C-NMR spectra of 67-71 can be used to identify these N-6-
ethoxycarbonyl-3-aryl sydnonimines.  In the 1H-NMR one sees a singlet at 8.0-8.1 δ 
representing the C(4) proton, a multiplet at 7-8 δ representing the aryl ring, a quartet at 
4.16-4.23 δ representing the CH2 of the exocyclic ester function, and a triplet at ~1.3 δ 
representing the CH3 of the exocyclic ester function.  In the 13C-NMR one sees the C(10), 
C(11), C(7), C(5), and C(4) [numbering as in structure 66] at 14.51-14.55, 61.35-61.54, 
161.65-161.81, 175.05-175.15, and 102.23-102.72 ppm, respectively.  In their IR spectra 
the C(4)-H appears as a medium strength, sharp peak at ~3100 cm-1.  
 
Lithiations of N-6-Ethoxycarbonyl 3-Aryl Sydnonimines 
It was known from previous work114,115 that the sydnone ring could act as an 
ortho-director of lithiation upon treatment of an aryl sydnone with a strong lithium base 
such as lithium diisopropylamide (LDA) or n-butyl lithium.  Subsequent reaction with an 
electrophile such as iodine has allowed placement of the iodine at both the 4-position of 
the sydnone ring and the ortho-position of the aryl ring.  Further, it had been reported57 
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that 4-lithio N-6-acylsydnonimines could be obtained, and that methods for the direct 
introduction of hydroxyalkyl, acyl, carbalkoxyl, vinyl, and aryl groups into the 4-position 
have been developed on that basis.  In this last study, the authors developed a method for 
the direct functionalization of sydnonimines using suitable organometallic derivatives.  
Thus, the reaction of N-6-acylsydnonimine derivatives with butyl lithium afforded the 
corresponding 4-lithio-N-6-acylsydnonimines and the subsequent reaction with an 
electrophile afforded the 4-substituted-N-6-acylsydnonimines in moderate yields. 
 
a) Lithiations using nBuLi 
Since no studies had been performed using N-6-ethoxycarbonyl 3-aryl 
sydnonimines, this was the basis of the present work.  Model studies were performed 
using 67 because it was the least functionalized aryl species (avoiding unwanted side 
reactions).  The initial route taken was to react 67 with 3eq nBuLi in absolute THF, at -
78° C, under nitrogen, followed by the addition of 3 equivalents of I2 (Scheme 6).  As 
with the previous work with sydnones, it was thought that by using 3 equivalents of 
nBuLi the protons at the 4-position on the sydnonimine ring and the proton at the ortho 
























  After 3 hours, by TLC examination approximately half of the starting material 
had reacted. Since leaving the reaction for a longer period of time did not seem to have a 
positive effect, the reaction was then quenched with water at low temperature. The 
products of the reaction were extracted using dichloromethane and the combined extracts 
were washed with aqueous sodium sulfite to remove excess I2.  TLC evidence showed 
some starting material left along with several higher running spots.  After column 
chromatography, by IR evidence, the higher running spots did not show the 
characteristics of the sydnonimine ring and may be ring breakdown products.  Longer and 
shorter reaction times and larger and smaller equivalents of nBuLi, gave the same reaction 
results.  From the evidence presented previously by Kalinin57, it seemed likely that the 
anion intermediate was very unstable, so a lower temperature (-100° C) was used for the 
reaction, but still the desired product was not formed. It was speculated that the nBuLi 
was acting as a nucleophile and reacting with the external ester function. 
b) Lithiations using LDA  
Since nBuLi did not afford the desired product, lithium diisopropylamide (LDA) 
was selected since it was likely to be considerably less nucleophilic. The same setup was 
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used as with the nBuLi reaction.  Thus, three equivalents of LDA were reacted with 67 in 
absolute THF at -78° C under nitrogen and three equivalents of I2 were added after 30 
minutes (Scheme 7).  The reaction was monitored by TLC, and it showed that much of 
the starting material was left with one higher running spot.  After 2 hours, the reaction 
was quenched with water at low temperature and the product mixture was extracted with 
dichloromethane.  The combined organic layers were washed with sodium sulfite to 
remove excess I2.  After drying, evaporation and column chromatography, the higher 
running spot was isolated but, unfortunately, it also did not appear to be a sydnonimine 
(IR evidence).  Longer and shorter reaction times and larger and smaller equivalents of 






















 In case some of the problems were arising from the use of iodine as electrophile, 
another electrophile (diphenyl disulfide) was employed for the reaction of 67 with LDA.  
After a two-hour reaction with the supposed anion (or dianion) and diphenyl disulfide, 
four spots were apparent by TLC examination.  After column chromatography, the 
presence of starting material along with three other unidentified products was determined 
by IR data.  While the products remained unidentified, their IR characteristics were at 
odds with them being sydnonimines and, accordingly, they were not pursued further.  
 43
c) Lithiations using LiHMDS 
 
 The last organometallic base used in the present work was lithium 
hexamethyldisilylamide (LiHMDS).  As the least reactive of the three bases employed, it 
was an obvious concern that the base might not be sufficiently reactive to abstract the 
desired proton (or protons), but it was elected to try it anyway since it would be non 
nucleophilic (a desired trait) and it had been used successfully in previous sydnone work 
in our lab.  The same basic setup was used as with nBuLi and LDA.  Again 3eq of 
LiHMDS were reacted with 67 in absolute THF under nitrogen at -78° C (Scheme 8).  
This mixture was allowed to stir for 40 minutes, whereupon, 3eq of I2 were then added 
and the reaction progress was monitored by TLC. TLC evidence showed full conversion 
to one product higher running than 67 after only 45 minutes.  Accordingly, the reaction 
was quenched with water and worked up with aqueous sodium sulfite to remove excess 
I2.  The reaction mixture was extracted with dichloromethane and the combined extracts 
dried.  The dichloromethane was removed in vacuo and the remaining solid was tested by 























This was very puzzling, so the reaction was run again using 3eq LiHMDS.  The 
same higher running product was formed (TLC evidence) and, from the suspicion that 
this species was actually a mono-iodo species (with the iodine at the 4-position) and that 
the sodium sulfite was removing the iodine in the last step (a premise supported by 
previous work in our lab with 4-iodosydnones), it was elected to perform the work-up 
without this latter reagent.  The reaction was quenched only with water to destroy any 
unreacted base, however, subsequent TLC evidence and IR data after workup showed 
that, once again, the product was absent and the starting material was all that remained.  
It was now suspected that water alone was responsible for removing the iodine from the 
4-position, a very surprising situation.   
In order to avoid this aqueous deiodination, it was elected to utilize a water-free 
work-up.  Thus, the same reaction was repeated using 3eq LiHMDS and, after the 
reaction was complete, the THF was removed from the reactor using a stream of nitrogen 
gas.  The remaining solid was dissolved in a small amount of dichloromethane and this 
mixture was separated rapidly on a preparative TLC plate (solvent: 10:1 
dichloromethane: acetone).  There were three bands of colored material. The least colored 
band was chosen and scraped from the TLC plate, and the material was extracted using 
10:1 dichloromethane: acetone.  The solvent was removed using a stream of N2.  The 
product that was left (oily solid) was immediately dissolved in CDCl3 to run 1H- and 13C-
NMR spectra.  NMR was chosen because it would give the most information about the 
unstable product in a non-hydrolytic environment.  Interestingly, the remaining bands 
from the plate degraded back to starting material 67 before analysis could be performed.  
However, the 1H-NMR of the putative 4-iodo compound indicated that the proton at the 
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4-position was absent since there was no peak around 8.1 δ and 5 hydrogens were present 
on the aryl ring (indicating that no ortho lithiation had taken place). The 13C-NMR 
showed a huge shift in the C(4) carbon from 102 to 59 ppm, in line with the presence of 
an iodine atom at that position, and the IR spectrum showed that the C(4)-H peak was 
missing at 3131 cm-1.  These data were in strong support of the identity of the 
surprisingly unstable iodo compound as the mono iodo species 72; a premise supported 
by the above evidence and the absence of any substantial shifts for the aromatic carbons 
in the 13C-NMR spectrum, as would be expected if an iodine atom were present on the 
aryl ring. TLC evidence showed that 100% of the starting material 67 was being 
converted to 72 but, after workup, the yield was only 1.6%.  The stability of the 4-iodo 
product is very low even at low temperatures (0 to -17° C) and keeping the product at 
these temperatures only delays the decomposition.  Workup must be performed quickly if 








In an attempt to determine whether or not complete conversion could occur with 
less base, the reaction in scheme 8 was repeated with 1.5eq of LiHMDS.  After the same 
workup and purification via preparative TLC and subsequent extractions, complete 
conversion to product 72 was in evidence by TLC examination. 
 46
Other electrophiles were also chosen to determine if they would react with the 
anion formed using 3eq LiHMDS.  After a two hour reaction with the anion intermediate 
and diphenyl disulfide, four spots were apparent by TLC.  After column chromatography, 
starting material 67 and three other unidentified products were obtained.  While the 
products remain unidentified, their IR characteristics were at odds with their 
characterization as sydnonimines and, accordingly, they were not pursued further.  
Somewhat surprisingly, the putative anion formed from 67 and 3eq of LiHMDS 
did not react with trimethylsilyl chloride and only the starting material 67 remained (TLC 
evidence).  
Given that the model study using 67 and LiHMDS was a moderate success, it was 
elected to examine similar reactions with another N-6-ethoxycarbonyl sydnonimine.  
Compound 68 was used for the next reaction because it was theorized that the para-
methyl group might render the intermediate anion more reactive.  The same process that 
was used to synthesize 72 was employed in the reaction of 68 with 3eq LiHMDS in 
absolute THF under nitrogen at -78° C (Scheme 9).  After 40 minutes, I2 was then added 
to the reaction and allowed to stir for 45 minutes.  By TLC examination it was evident 
that all of the starting material had been consumed.  A preparative TLC plate was again 
used to separate the reacted lithio base, product, and excess I2.  The putative product band 
was removed from the plate and extracted with solvent.  TLC evidence showed that the 
resulting oily solid (after filtration and evaporation) was only the starting material 68.  
Apparently, the product of this reaction is even more unstable than that from 72, 
undoubtedly due to the electron donating ability of the methyl group para to the 
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sydnonimine ring.  Unfortunately, the considerable instability of this compound rendered 






















 The next logical question that arose as a result of these discoveries was if 
compound 72 could be synthesized from the reaction of 67 and 1.5eq or 3eq LiHMDS 
(followed by treatment with iodine), could 73 be formed from the use of increased 
amounts of LiHMDS?  In the event, the reaction of 67 with 6eq of LiHMDS (followed by 
the addition of an equimolar quantity of iodine) proved to yield only the 4-iodo product 
72 and not 73 (Scheme 10).  While it was not explored, it is reasonable to assume that if 
6eq of LiHMDS could not remove the proton at the ortho position, even higher amounts 


























Halogenations of N-6-Ethoxycarbonyl 3-Aryl Sydnonimines 
a) Bromination using NBS 
 
 Brominations of 6-acyl sydnonimines at the 4-position occur with an ease similar 
to that of sydnones.  The most commonly employed method for this transformation has 
been the use of bromine9,20,67.  While this works well in most cases there are inherent 
advantages to using solid brominating agents such as N-bromosuccinimide (NBS).  
Turnbull and Beal4 used the protocol (DMF as solvent, NBS added in portion with 
cooling) developed by Tien et al.112 for the efficient bromination of sydnones.  In the 
present work, bromination at the 4-position of N-carboethoxy sydnonimines was 















67, R = Ph
68, R = p-tolyl
69, R = p-methoxyphenyl
70, R = m-chlorophenyl
74, R = Ph
75, R = p-tolyl
76, R = p-methoxyphenyl
77, R = m-chlorophenyl  
 Thus, the treatment of 67-70 with 1.1eq NBS and methanol under standard 
conditions gave products 74-77 in relatively good yields (Table 5). The reaction times 
varied from 2.5 hours to 5 hours (as determined by TLC evidence of starting material 
conversion).  Using product 74 as a representative example, the identities of the product 
were confirmed by IR, 1H-NMR and 13C-NMR data.  Thus, for 74, the 1H-NMR data 
indicated that the proton at the 4-position (8.1 δ) had been removed and the 13C-NMR 
spectrum indicated a shift in the location of the C(4) carbon from 102 to 90 ppm, in line 
with the presence of a bromine atom at that position.  The IR data showed the C(4)-H 
peak missing at 3131 cm-1.  Similar observations led to the conclusion that 75-77 had 
been prepared.  All of these compounds gave satisfactory elemental analyses. It is clear 
that, in some cases, the use of NBS as a less hazardous replacement for bromine is a 
viable alterative and can be recommended. 
In the normal work-up process for these brominations, in order to remove the 
remaining succinimide residue, a 20% HCl or 20% NaOH wash solution must be used.  
Under the acidic conditions the succinimide is removed, but the exocyclic nitrogen is 
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sometimes protonated, whereas, under basic conditions the succinimide is removed, and 
the exocyclic nitrogen is left deprotonated.  The compounds 74-77 prepared via a basic 
wash form highly crystalline solids.  The protonated versions of 74 and 75 (viz. 78 and 
79, respectively; white flakes) were formed using the HCl wash whereas the protonated 
versions of 76 and 77 did not form even though the same HCl washing process was used.  
The yields of 78 and 79 are much lower than that of the free bases, perhaps due to ring 
cleavage from the acidic environment.   
Table 5 
Preparation of 4-Bromo-N-6-Ethoxycarbonyl Sydnonimines 






74 Free Base 4 124-126 78 
78 Hydrochloride 4 169-172 33 
75 Free Base 2.5 150-152 77 
79 Hydrochloride 2.5 168-172 32 
76 Free Base 5 152-153 90 
77 Free Base 4 107-108 65 
 













b) Bromination using KBrO3
 
Another method developed to brominate at the 4-position is the use of KBrO3 in 
19% HBr (Scheme 12).  This method has been previously employed with sydnones in 
this lab with some interesting results.  With sydnones, KBrO3 can brominate at the 4-
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position and on many places on an activated aryl ring at the 3-position113.  It was of 
interest to see if similar results would be forthcoming in reactions of KBrO3 and N-















Model studies were performed with 67 using a range of KBrO3 quantities to test 
the viability of the reaction.  The results were of lower practical import compared to those 
with NBS.  Even though the KBrO3 reactions are fairly fast (~20 minutes), they require 
considerably more workup and more harmful chemicals are employed.  In addition, the 
product yields were lower than for the corresponding reactions with NBS, no multiple 
brominations occurred and the reaction did not go to completion even with 10 equivalents 
of KBrO3.  Column chromatography also had to be used to separate the reaction mixture 
(mostly starting material remaining).  The resulting products were identified by 
comparison (TLC, IR) with the products made from the NBS reactions. As can be seen 
from Table 6, increasing the amounts of KBrO3 and the reaction times did not increase 
the product yield substantially (Table 6).  Accordingly, this reaction was not extended to 






Preparation of 4-Bromo-N-6-Ethoxycarbonyl-3-Phenylsydnonimine 
Equivalents of KBrO3 Reaction Time (min) Percent Yield (%) 
0.5 20 30.1 
0.5 40 30* 
0.5 60 30* 
1 20 30* 
2 20 30* 
5 20 35* 
10 20 35* 
10 60 35* 
* Approximate yield determined by TLC  
c) Attempted Iodination Using ICl 
 Sydnones113 have been treated with iodine monochloride in glacial acetic acid in 
this laboratory in the past to the 4-iodo congeners, generally in good yields.  If the 
reaction medium is changed to an organic solvent, in some cases the 4-iodo product was 
formed and in others the 4-chloro product was formed, dependent on the solvent polarity 
and the nature of the sydnone. Since the treatment of N-6-ethoxycarbonyl-3-
phenylsydnonimine (67) with LiHMDS (followed by addition of iodine) gave the 4-iodo 
product 81, it was of interest to see whether or not this iodine monochloride protocol 
could be used to iodinate the various N-6-ethoxycarbonyl sydnonimines and provide an 
alternative avenue to the elusive 4-iodo species (Scheme 13).  Model studies were 
undertaken with 67 and the initial results were disappointing. In the earlier reactions a 
commercial solution of iodine monochloride in dichloromethane was used.  There was no 
apparent reaction with this ICl solution used (TLC evidence) and, accordingly, solid ICl 
was instead employed.  Unfortunately, the solid ICl also did not react with 67 even after a 
change from the initially used 1eq of ICl to 3eq of the reagent.  Extending the reaction 
time to 24 hours did not change the result and, accordingly, this process was not 
examined further. 
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 It is unclear why this iodination would not occur.  It is possible that the desired 
iodinated sydnonimine 81 was being produced very slowly, in very low yield and, given 
its low stability (known from lithiation reactions), decomposition back to starting 
material was occurring at approximately the same rate since the reactions were performed 
















 As a test, to insure that the ICl had not decomposed, 3-phenylsydnone 67 (O 
replaces NCO2Et) was treated in the same manner as in Scheme 13.  TLC and IR 
evidence showed complete conversion of the starting material to the corresponding 4-
iodo product 81 (O replaces NCO2Et) in a moderate 55% yield.  This demonstrates 
further that sydnones are exceedingly different from sydnonimines. 
d) Attempted Iodination Using NIS 
 Since brominations of the N-6-ethoxycarbonyl 3-aryl sydnonimines 67-70 using 
NBS were successful, the viability of using N-iodosuccinimide (NIS) in carbon 
tetrachloride to make the 4-iodo species was of interest (Scheme 14).  Model studies were 
first conducted with 67.  The results were similar to those of the earlier ICl reactions.  
Thus, treatment of 67 with 1.1 eq of NIS at room temperature showed evidence of a 
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miniscule spot above the starting material by TLC examination. While this is what would 
be expected for the 4-iodo congener 81, attempts to isolate this material by column 
chromatography were unsuccessful.  Increasing the reaction time to 5 hours and 
increasing the temperature did not improve the situation.  These studies would seem to 
suggest that that the only viable avenue to the synthesis of 81 is by the reaction of 67 with 
















e) Attempted Chlorination Using NCS 
Since brominations of the N-6-ethoxycarbonyl 3-aryl sydnonimines 67-70 using 
NBS had been successful, the viability of using N-chlorosuccinimide (NCS) in methanol 
to make the corresponding 4-chloro species was next examined (Scheme 15).  
Chlorinations of sydnones using NCS in methanol had been performed in this 
laboratory113 with some interesting results.  Treatment of 3-aryl sydnones113 with NCS 
produced mixtures of the 4-chloro and chloroaryl species depending on the amount of 
NCS added and the nature of the sydnone aryl substituent.  The same protocol was 
transferred to the N-6-ethoxycarbonyl 3-aryl sydnonimines and model studies were 
undertaken with 67.  The results were surprisingly poor.  Thus, attempted reaction of 67 
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with various equivalents of NCS (1.1-3eq), reaction times of 3 hours to 3 days, and 
temperatures of 20°C and 75°C led to no appreciable amount of a product being formed.  
There was a miniscule spot higher running than the starting material by TLC examination 
but, after column chromatography, the higher running spot was not recovered. Due to 
















f) Attempted Chlorination Using Hypervalent PhICl2
 The lack of success in effecting chlorination of 67 with NCS led to adoption of a 
different avenue for the chlorination of N-6-ethoxycarbonyl 3-aryl sydnonimines.  The 
chlorination of sydnones with the hypervalent iodine compound (dichloroiodo)benzene 
(and triethylamine in dichloromethane) had been performed in this laboratory119 with 
moderately good product yields.  Accordingly, it was of interest to see whether this 
protocol (Scheme 16) could be utilized effectively in the similar but different 

















 First, the (dichloroiodo)benzene had to be synthesized from the reaction of 
iodobenzene with dry chlorine gas.  This process produced the desired product as a 
yellow, crystalline solid which was kept in the freezer to prevent decomposition. With the 
reagent in hand, a model study was undertaken with 67 and 2eq of PhICl2 in the presence 
of triethylamine at room temperature.  Even after 5 days there was no evidence of any 
appreciable amount of product being formed by TLC examination.  There was a 
miniscule product spot at a location higher running than the starting material but, after 
column chromatography, no product was obtained and only starting material was 
recovered. 
 Once again, to ensure that the reagent had not decomposed, as a test, 3-phenyl 
sydnone was treated with PhICl2 and TEA in the same manner.  After a 24 hour reaction 
time and subsequent column chromatography, the 4-chloro-3-phenylsydnone product was 
obtained in 67% yield.  This again demonstrates the considerable reactivity difference 
between sydnones and sydnonimines. 
g) Chlorination Using KClO3  
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 After the previous moderate success with KBrO3, it was of interest to see whether 
or not KClO3 would convert the N-6-ethoxycarbonyl 3-aryl sydnonimines 67-70 to the 
corresponding 4-chloro species 82-85 (Scheme 17).  The treatment of sydnones with 
KClO3 in 19% HCl has been performed in this laboratory113 with some interesting results.  















67, R = Ph
68, R = p-tolyl
69, R = p-methoxyphenyl
70, R = m-chlorophenyl
82, R = Ph
83, R = p-tolyl
84, R = p-methoxyphenyl
85, R = m-chlorophenyl  
 The reaction of 67 with KClO3 gave different results depending on the work-up 
process. Thus, it was apparent that 82 could be synthesized using this protocol, although 
in poor yield (21%).  However, if sodium bicarbonate was used as a base wash in the 
work-up process, apparently, the bicarbonate salt 86 was formed, though this has not 
been proven unambiguously.  Both of these compounds were prepared by the use of 5eq 
of KClO3 and a reaction time of 20 minutes.  Varying the equivalents of KClO3 and 
reaction times did not change the yield of the product formed (Table 7).  Compound 82 is 
best prepared with a work-up protocol involving a combination of an initial NaHCO3 
wash followed by a subsequent NaOH wash (Scheme 18).  By TLC examination, 82 runs 
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slightly higher than the starting material 67 and the compound is a tan, crystalline solid.  
The suspected salt 86 was prepared using only the NaHCO3 wash and formed white 
fluffy crystals (63% yield).  Strangely, if it is a salt, by TLC 86 runs a great deal higher 
than 67 or 82, a fact which may bring into question its identity as 86.  Indeed, another 
issue in this regard is that, once synthesized the putative bicarbonate salt cannot be 
converted into 82 using NaOH washings. The 1H-NMR and 13C-NMR data for the 
putative bicarbonate salt 86 showed evidence of a sydnonimine ring, but elemental 
analysis proved to be far off from the expected values.  
Table 7 
Preparation of 4-Chloro-N-6-Ethoxycarbonyl-3-Phenylsydnonimine (82) 
Equivalents of KClO3 Reaction Time (min) Product Yield (%) 
0.5 20 20* 
0.5 40 20* 
0.5 60 20* 
1 20 20* 
1 60 20* 
2 20 20* 
5 20 21 
10 20 20* 
10 40 20* 
10 60 20* 

















NHCO2Et   HCO3
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 The 1H-NMR and 13C-NMR data for 82 showed that the proton at the 4-position 
was missing at 8.1 δ along with the expected shift of the C(4) carbon from 102 to 104 
ppm.  The IR data for 82 also indicated that the proton at the 4-position (expected CH str. 
at 3131 cm-1) was missing.  The 1H-NMR and 13C-NMR data for 86 showed that the 
proton at the 4-position was missing at 8.1 δ along with the C(4) carbon shifting from 102 
to 121 ppm.  In addition, there was an extra carbon peak at 149 ppm.  In the 1H-NMR 
data for 86 there were also two singlets at 9.19 and 9.52 δ possibly coming from the 
exocyclic NHCO2Et and the HCO3.  The IR data also indicated that the proton at the 4-
position (expected CH str. at 3131 cm-1) was missing. 
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 The syntheses of 83-85 proved to be much more problematic than the synthesis of 
82 even though the same reaction conditions were used as for the model study with 67.  
Thus, the reactions of 68-70 with 5eq KClO3 followed by the NaHCO3/ NaOH washes 
produced products that were a great deal higher running than the starting materials by 
TLC.  This was indicative of the possibility of the bicarbonate salts of 83-85.  After 
column chromatography, the upper spots were collected as oils, and, unfortunately, the 
NMR data for each showed fairly complex mixtures even after two purifications by 
column chromatography.  Accordingly, they were not studied further. 
  
Debromination of 4-Bromo-N-6-Ethoxycarbonyl-3-Aryl Sydnonimines  
 Over the past 20 years, three effective methods for the removal of a bromine atom 
at the sydnone 4-position have been discovered.   These systems, viz. sodium 
borohydride109, sodium dithionite110, or sodium sulfite111, are sufficiently mild to permit 
the use of the bromine atom as a protective group for the 4-position in the presence of a 
variety of functional groups.   
Turnbull and Beal4 used all three methods to remove a bromine atom at the 
sydnonimine 4-position of several 4-bromo-6-benzoyl sydnonimines.  Their results 
showed that sodium borohydride in methanol at room temperature for less than one hour 
gave excellent yields (76-91%) of the corresponding debrominated sydnonimine.  
Sodium sulfite in methanol/ water gave similar yields (77-92%)4 but no apparent pattern 
emerged from the treatment using sodium dithionite, yields varying from 0-86%.  In the 
present work the sodium borohydride in methanol method appeared to offer the greatest 
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combination of ease of use and effectiveness for the attempted debromination of the 4-














74, R = Ph
75, R = p-tolyl
76, R = p-methoxyphenyl
77, R = m-chlorophenyl
67, R = Ph
68, R = p-tolyl
69, R = p-methoxyphenyl
70, R = m-chlorophenyl  
 Thus treatment of various 4-bromo-N-6-ethoxycarbonyl sydnonimines 74-77 with 
an equal weight of sodium borohydride in methanol at room temperature for less than one 
hour (TLC evidence) gave moderate to good yields (71-86%) of the corresponding 
debrominated products 67-70 (Scheme 19) [Table 8].   
Table 8 
Debromination of 4-Bromo-N-6-Ethoxycarbonyl Sydnonimines 







Attempted Sonogashira Coupling of N-6-Ethoxycarbonyl-4-Halo-3-
Phenylsydnonimines 
 
It had been shown before in this laboratory that halogenated sydnones113,116 could 
undergo Sonogashira coupling reactions and subsequent reactions to form fused-ring 
sydnones.  In general, such reactions work best with iodoarenes, however, since the 4-
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iodosydnonimines prepared in this work were extremely unstable species, it was not 
possible to utilize them and, accordingly, it was elected to see if the 4-bromo and 4-
chloro-N-6-ethoxycarbonyl-3-phenyl sydnonimines (74 and 82, respectively) could 













74, R = Ph, R' = Br





R" = Ph or TMS
X
 
Unfortunately, the reactions did not proceed as hoped.  For the reaction of 74 with 
trimethylsilyl acetylene (TMS acetylene) the temperature was initially set at 75°C and the 
reaction ran for 17 hours total, as monitored by TLC.  TLC evidence showed that the 
halogenated starting material 74 was reduced back to the parent compound 67.  It was 
initially thought that the high temperature could have caused degradation of any formed 
product, so in the next test the reaction was run at room temperature.  Again 74 was 
reduced back to 67.  An attempt was then made with a less sensitive acetylene, viz. 
phenyl acetylene, however, attempted reaction with 74 under the same conditions led to 
the same result.  
The next reaction attempted was that of the chloro congener 82 and TMS 
acetylene at room temperature under the normal Sonogashira coupling conditions.  It 
seemed likely that since 74 did not react appropriately, the expectedly less reactive 82 
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would have even less chance of working.  In the event, the reaction was allowed to stir 
overnight and monitored by TLC.  This time the chlorine at the 4-position was not 
removed and, even after  heating the reaction mixture to 75°C for 4 hours, there was no 
transformation of the starting material 82. 
 
In conclusion, it has been shown that some of the synthetic methods so effective in the 
sydnone and sydnonimine hydrochloride realms can be transferred to the N-6-
ethoxycarbonyl-aryl sydnonimines.  It has thus been possible to prepare N-6-
ethoxycarbonyl-aryl sydnonimines by a relatively efficient route.  Lithiations, 
brominations, chlorinations, iodinations, and Sonogashira coupling reactions were 
attempted on the N-6-ethoxycarbonyl-aryl sydnonimines with varying degrees of success.  
In general, it is fair to say that these reactions prove that sydnonimines are greatly 
















All starting reagents and catalysts were purchased from commercial sources and 
were used without further purification.  Dry tetrahydrofuran (THF) was distilled from 
sodium metal/benzophenone ketyl.  Where applicable (e.g. Sonogashira couplings, 
organolithium reagents), all glassware was flame-dried under an atmosphere of nitrogen 
prior to the use of dry reagents.  Melting points were determined on a Mel-Temp melting 
point apparatus and are uncorrected.  Infrared spectra were acquired on a Mattson 
Genesis II FTIR.  NMR spectra were acquired on a Bruker 300MHz NMR and samples 
were dissolved in deuterated dimethyl sulfoxide or deuterated chloroform.  Elemental 
analyses were performed by Midwest Microlab LLC, Indianapolis, Indiana. 
All Sonogashira reactions were performed under an atmosphere of nitrogen.  
Except where indicated, Sonogashira reaction solutions were degassed in the following 
way prior to the addition of the palladium catalyst:  The reaction solution was frozen in 
liquid N2, purged with nitrogen, and allowed to thaw.  This freezing, purging, and 
thawing was then repeated twice more.  
Preparation of 3-Aryl Sydnonimine Hydrochlorides (55)
General Procedure: 
 To a stirred solution of the glycinonitrile (7.5 mmol) in diethyl ether (50 mL) was 
added isoamyl nitrite (15 mmol) at room temperature. After the reaction was complete 
(2h, TLC, solvent: ethanol), the mixture was cooled in an ice bath and hydrogen chloride 
was bubbled through gently until the N-nitroso intermediate had completely reacted 
 65
(usually 15-30 minutes, TLC).  Usually the crude sydnonimine product crystallized out 
almost immediately following the addition of HCl gas (any exceptions were left in the 
freezer overnight to crystallize).  The hydrochloride salt was collected by vacuum 
filtration, washed with diethyl ether and recrystallized from absolute ethanol. 
Preparation of 3-Phenylsydnonimine Hydrochloride (61)
 Using the general procedure, the title compound was prepared as light brown 
crystals in 78% yield [1.16g; recrystallization from absolute ethanol; mp 177-179°C, lit.4 
mp 180-181°C; ν (KBr) 1687cm-1 (exocyclic C=N), 1594cm-1 (immonium group) and 
3134cm-1 (aromatic CH)] from commercially available N-phenylglycinonitrile (1g, 7.5 
mmol). 
 Preparation of 3-(p-tolylphenyl)sydnonimine Hydrochloride (62)
 Using the general procedure, the title compound was prepared as light brown 
crystals in 77% yield [1.21g; recrystallization from absolute ethanol; mp 176-178°C, lit.4 
mp 190-191°C; ν (KBr) 1683cm-1 (exocyclic C=N), 1590cm-1 (immonium group) and 
3156cm-1 (aromatic CH)] from N-p-tolylglycinonitrile (1.09g, 7.5 mmol). 
Preparation of 3-(p-methoxy)sydnonimine Hydrochloride (63)
 Using the general procedure, the title compound was prepared as light brown 
crystals in 86% yield [1.44g; recrystallization from absolute ethanol; mp 190-191°C, lit.4 
mp 192-193°C; ν (KBr) 1684cm-1 (exocyclic C=N), 1590cm-1 (immonium group) and 
3166cm-1 (aromatic CH)] from N-p-methoxyglycinonitrile (1.2g, 7.5 mmol). 
Preparation of 3-(m-chlorophenyl)sydnonimine Hydrochloride (64)
 Using the general procedure, the title compound was prepared as light gold 
crystals in 72% yield [1.2g; recrystallization from absolute ethanol; mp 176-177°C, lit.4 
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mp 172-174°C; ν (KBr) 1638cm-1 (exocyclic C=N), 1597cm-1 (immonium group) and 
3166cm-1 (aromatic CH)] from N-m-chlorophenylglycinonitrile (1.2g, 7.5 mmol). 
Preparation of 3-(m-bromophenyl)sydnonimine Hydrochloride (65)
 Using the general procedure the title compound was prepared as light brown 
crystals in 12% yield [0.25g; recrystallization from absolute ethanol; mp 187-189°C; ν 
(KBr) 1679cm-1 (exocyclic C=N), 1585cm-1 (immonium group) and 3168cm-1 (aromatic 
CH); 1H-NMR (d6 DMSO): 10.133 (s, 2H), 8.752 (s, sydnonimine C-H), 8.355 (s, 1H), 
8.088-8.028 (t, 1H), 7.751-7.697 (m, 2H) ; 13C-NMR (d6 DMSO): 102.63 (sydnonimine 
C-H), 121.96, 122.45, 125.60, 132.19, 133.69, 136.31, 169.39] from N-m-
bromophenylglycinonitrile (1.58g, 7.5 mmol).  Elemental analysis calculated (found) for 
C8H7BrClN3O·1 H2O (294.53): C: 32.62 (32.74), H: 3.08 (2.96), N: 14.27 (2.96). 
Preparation of N-6-Ethoxycarbonyl-3-Aryl Sydnonimines (66)
General Procedure: 
 To a stirred solution of the sydnonimine hydrochloride (5 mmol) in pyridine 
(15eq, sometimes additional pyridine had to be added to dissolve all the sydnonimine 
HCl) at 0°C was added ethyl chloroformate (10 mmol). After the reaction was complete 
(4-8h, TLC, solvent: 10:1 DCM:Acetone), 10% NaHCO3 (50 mL) was added to the 
reaction and stirring was continued for a further 0.5 hours. The product was extracted 
with dichloromethane (3x 50mL). The dichloromethane was then removed in vacuo, 
which left the product in pyridine. This mixture was then placed in a large Petri dish and 
placed in a hood overnight to remove the pyridine. The resulting solid was recrystallized 
from dichloromethane/hexane. 
Preparation of N-6-Ethoxycarbonyl-3-Phenylsydnonimine (67)
 67
 Using the general procedure the title compound was prepared as light brown 
crystals in 65% yield [0.77g; recrystallization from dichloromethane/hexane; mp 121-
123°C; ν (KBr) 1560cm-1 (immonium group), 1656cm-1 (ester C=O), 1278cm-1 (ester C-
O), and 3131cm-1 (aromatic CH); 1H-NMR (CDCl3):  8.123 (s, sydnonimine C-H), 7.830-
7.641 (m, 5H), 4.232-4.162 (q, ester CH2), 1.355-1.308 (t, ester CH3); 13C-NMR (CDCl3):  
14.53, 61.40, 102.63 (sydnonimine C-H), 121.54, 130.55, 133.09, 133.89, 161.74, 
175.15] from 3-phenylsydnonimine hydrochloride (1g, 5 mmol). Elemental analysis 
calculated (found) for C11H10ClN3O3·1/3 H2O (239.22): C: 55.23 (55.54), H: 4.92 (4.65), 
N: 17.56 (17.36). 
Preparation of N-6-Ethoxycarbonyl-3-(p-tolylphenyl)sydnonimine (68)
 Using the general procedure the title compound was prepared as light tan crystals 
in 56% yield [0.65g; recrystallization from dichloromethane/hexane; mp 124-126°C; ν 
(KBr) 1571cm-1 (immonium group), 1662cm-1 (ester C=O), 1282cm-1 (ester C-O), and 
3137cm-1 (aromatic CH); 1H-NMR (CDCl3):  8.101 (s, sydnonimine C-H), 7.709-7.683 
(d, 2H), 7.472-7.446 (d, 2H), 4.232-4.162 (q, ester CH2), 2.506 (s, p-CH3), 1.355-1.308 
(t, ester CH3); 13C-NMR (CDCl3): 14.54, 21.45, 61.37, 102.42 (sydnonimine C-H), 
121.24, 131.02, 131.51, 144.06, 161.78, 175.11] from 3-(p-tolylphenyl)sydnonimine 
hydrochloride (1g, 5 mmol). Elemental analysis calculated (found) for C12H13N3O3 
(247.25): C: 58.29 (57.95), H: 5.30 (5.19), N: 16.99 (16.72). 
Preparation of N-6-Ethoxycarbonyl-3-(p-methoxy)sydnonimine (69)
 Using the general procedure the title compound was prepared as light gray 
crystals in 70% yield [0.89g; recrystallization from dichloromethane/hexane; mp 156-
157°C; ν (KBr) 1577cm-1 (immonium group), 1655cm-1 (ester C=O), 1265cm-1 (ester C-
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O), and 3130cm-1 (aromatic CH); 1H-NMR (CDCl3):  8.058 (s, sydnonimine C-H), 7.763-
7.733 (d, 2H), 7.139-7.108 (d, 2H), 4.232-4.151 (q, ester CH2), 3.938 (s, p-OCH3), 1.357-
1.301 (t, ester CH3); 13C-NMR (CDCl3): 14.55, 55.93, 61.35, 102.23 (sydnonimine C-H), 
115.52, 122.95, 126.67, 161.81, 163.01, 175.05] from 3-(p-methoxyphenyl)sydnonimine 
hydrochloride (1.1g, 5 mmol). Elemental analysis calculated (found) for C12H13N3O4 
(263.25): C: 54.74 (54.64), H: 4.98 (4.91), N: 15.96 (15.73). 
Preparation of N-6-Ethoxycarbonyl-3-(m-chlorophenyl)sydnonimine (70)
 Using the general procedure the title compound was prepared as yellow crystals in 
77% yield [0.98g; recrystallization from dichloromethane/hexane; mp 116-118°C; ν 
(KBr) 1598cm-1 (immonium group), 1655cm-1 (ester C=O), 1222cm-1 (ester C-O), and 
3115cm-1 (aromatic CH); 1H-NMR (CDCl3): 8.147 (s, sydnonimine C-H), 7.864-7.607 
(m, 4H), 4.223-4.152 (q, ester CH2), 1.350-1.302 (t, ester CH3); 13C-NMR (CDCl3): 
14.51, 61.53, 102.70 (sydnonimine C-H), 119.69, 122.02, 131.61, 133.27, 134.61, 
136.66, 161.66, 175.09] from 3-(m-chlorophenyl)sydnonimine hydrochloride (1.1g, 5 
mmol). Elemental analysis calculated (found) for C11H10ClN3O3 (267.67): C: 49.36 
(49.74), H: 3.77 (3.78), N: 15.70 (15.60). 
Preparation of N-6-Ethoxycarbonyl-3-(m-bromophenyl)sydnonimine (71)
 Using the general procedure the title compound was prepared as tan crystals in 
22% yield [0.35g; recrystallization from dichloromethane/hexane; mp 119-121°C; ν 
(KBr) 1561cm-1 (immonium group), 1655cm-1 (ester C=O), 1289cm-1 (ester C-O), and 
3117cm-1 (aromatic CH); 1H-NMR (CDCl3): 8.010 (s, sydnonimine C-H), 8.009-7.9976 
(m, 1H), 7.878-7.754 (m, 2H), 7.587-7.534 (m, 1H), 4.231-4.161 (q, ester CH2), 1.354-
1.307 (t, ester CH3); 13C-NMR (CDCl3): 14.51, 61.54, 102.72 (sydnonimine C-H), 
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120.16, 124.12, 124.83, 131.79, 134.66, 136.22, 161.65, 175.07] from 3-(m-
bromophenyl)sydnonimine hydrochloride (1.4g, 5 mmol). Elemental analysis calculated 
(found) for C11H10BrN3O3 (312.12): C: 42.33 (42.49), H: 3.23 (3.17), N: 13.46 (13.22). 
Attempted Preparation of N-6-Ethoxycarbonyl-4-Iodo-3-Phenylsydnonimine (72)
To a stirred solution of N-6-ethoxycarbonyl-3-(p-tolylphenyl)sydnonimine (68) 
[0.100g, 0.40 mmol] in dry THF (50 mL) under an atmosphere of dry nitrogen at -78°C 
(acetone/dry ice bath), was added nbutyl lithium (3.0 eq, 1.28mmol, 1.07 mL) dropwise.  
After 30 min, iodine (0.325g, 1.2 mmol, 3.0 eq) was added quickly.  The reaction was 
monitored by TLC and after 2 hours there was no evidence of 72 by TLC.  The reaction 
was not further examined. 
Attempted Preparation of N-6-Ethoxycarbonyl-4-Iodo-3-Phenylsydnonimine (72)
To a stirred solution of N-6-ethoxycarbonyl-3-(p-tolylphenyl)sydnonimine (68) 
[0.100g, 0.40 mmol] in dry THF (50 mL) under an atmosphere of dry nitrogen at -78°C 
(acetone/dry ice bath), was added lithium diisopropylamide (3.0 eq, 1.25mmol, 1.3 mL) 
dropwise.  After 30 min, iodine (0.328g, 1.25 mmol, 3.0 eq) was added quickly.  The 
reaction was monitored by TLC and after 2 hours there was no evidence of 72 by TLC.  
The reaction was not further examined. 
Preparation of N-6-Ethoxycarbonyl-4-Iodo-3-Phenylsydnonimine (72) 
To a stirred solution of N-6-ethoxycarbonyl-3-phenylsydnonimine (67) [0.100g, 
0.43 mmol] in dry THF (50 mL) under an atmosphere of dry nitrogen at -78°C 
(acetone/dry ice bath), was added lithium hexamethyldisilylamide (1.5eq, 0.64mmol, 
0.645 mL) dropwise.  After 40 min, iodine (0.162g, 0.64 mmol, 1.5 eq) was added 
quickly.  After 40 min, the THF was removed with a stream of nitrogen.  A small amount 
 70
of dichloromethane was added to transfer the material (product, excess iodine, and 
reacted base) to a glass preparatory TLC plate (solvent: 10:1 dichloromethane: acetone).  
After the TLC was developed, the least colored band was removed from the plate and the 
product was extracted from the silica gel with dichloromethane: acetone (10:1).  This 
solvent was removed under a stream of nitrogen and the remaining oily solid (0.025g, 
1.6% yield) was immediately dissolved in CDCl3 for NMR analysis. 1H-NMR (CDCl3): 
7.611-7.125 (m, 5H), 4.123-4.050 (q, ester CH2), 1.220-1.170 (t, ester CH3); 13C-NMR 
(CDCl3): 14.51, 59.34 (C-I), 61.56, 123.33, 130.18, 132.94, 134.16, 159.51, 168.65. 
Attempted Preparation of N-6-Ethoxycarbonyl-4-Iodo-3-(p-tolylphenyl)sydnonimine 
(68a) 
To a stirred solution of N-6-ethoxycarbonyl-3-(p-tolylphenyl)sydnonimine (68) 
[0.100g, 0.40 mmol] in dry THF (50 mL) under an atmosphere of dry nitrogen at -78°C 
(acetone/dry ice bath), was added lithium hexamethyldisilylamide (1.5eq, 0.60mmol, 
0.609 mL) dropwise.  After 40 min, iodine (0.153g, 0.60 mmol, 1.5 eq) was added 
quickly.  After 40 min, the THF was removed under a stream of nitrogen.  A small 
amount of dichloromethane was added to transfer the material (product, excess iodine, 
and reacted base) to a glass preparatory TLC plate (solvent: 10:1 dichloromethane: 
acetone).  After the TLC was developed, the least colored band was removed from the 
plate and the product was extracted from the silica gel with dichloromethane: acetone 
(10:1).  This solvent was removed by a stream of nitrogen.  The remaining oily solid was 
tested by TLC before NMR analysis; TLC evidence showed decomposition of the 
product to 68 and, hence, no analysis could be performed. 
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Attempted Preparation of N-6-Ethoxycarbonyl-4-Iodo-3-(2-iodo-phenyl)sydnonimine 
(73) 
To a stirred solution of N-6-ethoxycarbonyl-3-phenylsydnonimine (67) [0.100g, 
0.40 mmol] in dry THF (50 mL) under an atmosphere of dry nitrogen at -78°C 
(acetone/dry ice bath), was added lithium hexamethyldisilylamide (6.0 eq, 2.4mmol, 
2.436 mL) dropwise.  After 40 min, iodine (0.306g, 1.2 mmol, 3.0 eq) was added quickly.  
The reaction was monitored by TLC and after 1 hour there was no evidence of 73 by 
TLC, though TLC evidence did show that 72 was being formed.  The reaction was not 
further examined. 
Preparation of N-6-Ethoxycarbonyl-4-Bromo-3-Aryl Sydnonimines Using NBS 
General Procedure: 
 To a stirred solution of the N-6-ethoxycarbonyl-3-aryl sydnonimine 66 in 
methanol (20 mL) at room temperature was added N-bromosuccinimide (1.1 eq). After 
the reaction was complete (2.5-5h, TLC, solvent: 10:1 DCM: Acetone), the methanol was 
removed by allowing it to evaporate in a fume hood overnight.  The remaining solid was 
dissolved in a small amount of dichloromethane and washed with 20% NaOH to remove 
any succinimide remaining.  The organic layer was extracted and dried with anhydrous 
MgSO4.  After filtration, the dichloromethane was removed in vacuo to leave a solid 
product.  The product was recrystallized using dichloromethane/hexanes. 
Preparation of N-6-Ethoxycarbonyl-4-Bromo-3-Phenylsydnonimine (74) 
 Using the general procedure the title compound was prepared as tan crystals, 
0.10g, 78% yield [recrystallization from dichloromethane/hexane; mp 124-126°C; ν 
(KBr) 1598cm-1 (immonium group), 1666cm-1 (ester C=O), and 1201cm-1 (ester C-O); 
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1H-NMR (CDCl3): 7.802-7.638 (m, 5H), 4.272-4.199 (q, ester CH2), 1.368-1.321 (t, ester 
CH3); 13C-NMR (CDCl3): 14.47, 61.53, 91.00 (sydnonimine C-Br), 124.93, 130.24, 
132.73, 133.06, 159.23, 165.35] from N-6-ethoxycarbonyl-3-phenylsydnonimine (0.1g, 
0.4 mmol). Elemental analysis calculated (found) for C11H10BrN3O3 (312.12): C: 42.33 
(42.59), H: 3.23 (3.18), N: 13.46 (13.46). 
Preparation of N-6-Ethoxycarbonyl-4-Bromo-3-(p-tolylphenyl)sydnonimine (75) 
 Using the general procedure the title compound was prepared as tan crystals, 
0.51g, 77% yield [recrystallization from dichloromethane/hexane; mp 150-152°C; ν 
(KBr) 1590cm-1 (immonium group), 1662cm-1 (ester C=O), and 1212cm-1 (ester C-O); 
1H-NMR (CDCl3): 7.546-7.456 (m, 4H), 4.262-4.196 (q, ester CH2), 2.519 (s, 3H), 1.366-
1.319 (t, ester CH3); 13C-NMR (CDCl3): 14.47, 21.50, 61.48, 90.90 (sydnonimine C-Br), 
124.61, 130.22, 130.72, 144.00, 159.26, 165.44] from N-6-ethoxycarbonyl-3-(p-
tolylphenyl)sydnonimine (0.5g,  0.2 mmol). Elemental analysis calculated (found) for 
C12H12BrN3O3 (326.15): C: 44.19 (44.31), H: 3.71 (3.62), N: 12.88 (12.73). 
Preparation of N-6-Ethoxycarbonyl-4-Bromo-3-(p-methoxy)sydnonimine (76) 
 Using the general procedure the title compound was prepared as tan crystals, 
0.12g, 90% yield [recrystallization from dichloromethane/hexane; mp 152-153°C; ν 
(KBr) 1511cm-1 (immonium group), 1646cm-1 (ester C=O), and 1282cm-1 (ester C-O); 
1H-NMR (CDCl3):  7.593-7.563 (d, 2H), 7.146-7.117 (d, 2H), 4.270-4.197 (q, ester CH2), 
3.932 (s, 3H), 1.369-1.321 (t, ester CH3); 13C-NMR (CDCl3): 14.48, 55.92, 61.51, 90.95 
(sydnonimine C-Br), 115.26, 125.19, 126.34, 159.32, 162.89, 165.51] from N-6-
ethoxycarbonyl-3-(p-methoxy)sydnonimine (0.1g,  0.37 mmol). Elemental analysis 
 73
calculated (found) for C12H12BrN3O4·1/2 H2O (351.16): C: 41.04 (41.37), H: 3.73 (3.43), 
N: 11.97 (11.73). 
Preparation of N-6-Ethoxycarbonyl-4-Bromo-3-(m-chlorophenyl)sydnonimine (77) 
 Using the general procedure the title compound was prepared as tan crystals, 
0.42g, 65% yield [recrystallization from dichloromethane/hexane; mp 107-108°C; ν 
(KBr) 1585cm-1 (immonium group), 1666cm-1 (ester C=O), and 1232cm-1 (ester C-O); 
1H-NMR (CDCl3):  7.762-7.566 (m, 4H), 4.275-4.204 (q, ester CH2), 1.371-1.323 (t, ester 
CH3); 13C-NMR (CDCl3): 14.45, 61.68, 91.08 (sydnonimine C-Br), 123.96, 125.28, 
131.31, 133.36, 136.22, 159.11, 165.09] from N-6-ethoxycarbonyl-3-(m-
chlorophenyl)sydnonimine (0.5g,  1.8 mmol). Elemental analysis calculated (found) for 
C11H9BrClN3O3 (346.56): C: 38.12 (38.33), H: 2.62 (2.41), N: 12.12 (12.06). 
Preparation of N-6-Ethoxycarbonyl-4-Bromo-3-Aryl Sydnonimine Hydrochloride 
General Procedure: 
 To a stirred solution of N-6-ethoxycarbonyl-3-aryl sydnonimine (66) in methanol 
(20 mL) at room temperature was added N-bromosuccinimide (1.1 eq). After the reaction 
was complete (2.5-5h, TLC, solvent: 10:1 DCM: Acetone), the methanol was removed by 
allowing it to evaporate in a fume hood overnight.  The remaining solid was dissolved in 
a small amount of dichloromethane and washed with 20% HCl to remove any 
succinimide remaining.  The organic layer was extracted and dried with anhydrous 
MgSO4.  The dichloromethane was removed in vacuo to leave a solid product.  The 
product was recrystallized using dichloromethane/hexanes. 
Preparation of N-6-Ethoxycarbonyl-4-Bromo-3-Phenylsydnonimine Hydrochloride (78) 
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 Using the general procedure the title compound was prepared as a white flaky 
solid in 33% yield [0.05g, recrystallization from dichloromethane/hexane; mp 169-
172°C; ν (KBr) 3473 cm-1 (N-H), 1627cm-1 (ester C=O), and 1238cm-1 (ester C-O); 1H-
NMR (d6 DMSO):  7.866-7.735 (m, 5H); 13C-NMR (d6 DMSO): 14.37, 60.76, 95.40 
(sydnonimine C-Br), 125.73, 130.14, 132.49, 133.05, 157.21, 164.84] from N-6-
ethoxycarbonyl-3-phenylsydnonimine (0.1g, 0.4 mmol). Elemental analysis calculated 
(found) for C11H12ClBrN3O3·1 H2O (384.62): C: 36.04 (35.62), H: 3.57 (3.02), N: 11.46 
(10.82). 
Preparation of N-6-Ethoxycarbonyl-4-Bromo-3-(p-tolylphenyl)sydnonimine 
Hydrochloride (79) 
 Using the general procedure the title compound was prepared as a white flaky 
solid in 32% yield [0.23g, recrystallization from dichloromethane/hexane; mp 168-
172°C; ν (KBr) 3470 cm-1 (N-H), 1632cm-1 (ester C=O), and 1231cm-1 (ester C-O); 1H-
NMR (d6 DMSO): 7.731-7.704 (d, 2H), 7.563-7.536 (d, 2H), 2.466 (s, 3H), 1.237-1.190 
(t, 3H); 13C-NMR (d6 DMSO): 14.37, 20.92, 60.73, 95.44 (sydnonimine C-Br), 125.43, 
130.01, 130.47, 143.46, 157.23, 164.84] from N-6-ethoxycarbonyl-3-(p-
tolylphenyl)sydnonimine (0.5g,  0.2 mmol). Elemental analysis calculated (found) for 
C12H13BrClN3O3·1/2 H2O (371.62): C: 38.78 (38.66), H: 3.80 (3.53), N: 11.31 (11.21). 
Preparation of N-6-Ethoxycarbonyl-4-Bromo-3-Aryl Sydnonimines Using KBrO3 
General Procedure: 
To a stirred solution of hydrobromic acid (~19%, 3 mL), in a round-bottomed 
flask, was added N-6-ethoxycarbonyl-3-aryl sydnonimine (66) and potassium bromate (5 
eq) at room temperature.  After 20 minutes the product was collected by vacuum 
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filtration and washed with water.  Column chromatography with silica: dichloromethane 
was performed and the resultant solid was recrystallized from dichloromethane: hexanes 
(2:1) to afford the desired product. 
Preparation of N-6-Ethoxycarbonyl-4-Bromo-3-Phenylsydnonimine (74) Using KBrO3
 Following the general procedure, using N-6-ethoxycarbonyl-3-
phenylsydnonimine 67 (0.070g, mmol), the brominated product 74 was prepared in 
30.1% yield (0.028g); mp, TLC, and IR identical to an authentic sample.   
Because of the low yields using KBrO3 and time constraints, only the model study with 
67 was performed.  
Debromination of N-6-Ethoxycarbonyl-4-Bromo-3-Aryl Sydnonimines 
General Procedure: 
 To a stirred solution of the bromosydnonimine (0.04g) in methanol (2 mL) was 
added sodium borohydride (0.04g 1.7 mmol) in portions with stirring. The reaction was 
complete in 10-15 min as indicated by TLC.  The solvent was removed under a stream of 
air and water added (5-10 mL).  The insoluble product was removed by filtration in 
vacuo, dried, and compared to an authentic sample using TLC, IR, and mp. 
Preparation of N-6-Ethoxycarbonyl-3-Phenylsydnonimine (67) from N-6-
Ethoxycarbonyl-4-Bromo-3-Phenylsydnonimine (74) 
 From the bromosydnonimine (0.062g, 0.2 mmol), using the general procedure, the 
debrominated product was prepared in 86% yield, 0.032g; mp, TLC, and IR identical to 
an authentic sample. 
Preparation of N-6-Ethoxycarbonyl-3-(p-tolylphenyl)sydnonimine (68) from N-6-
Ethoxycarbonyl-4-Bromo-3-(p-tolylphenyl)sydnonimine (75) 
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 From the bromosydnonimine (0.065g, 0.2 mmol), using the general procedure, the 
debrominated product was prepared in 78% yield, 0.029g; mp, TLC, and IR identical to 
an authentic sample. 
Preparation of N-6-Ethoxycarbonyl-3-(p-methoxyphenyl)sydnonimine (69) from N-6-
Ethoxycarbonyl-4-Bromo-3-(p-methoxyphenyl)sydnonimine (76) 
 From the bromosydnonimine (0.068g, 0.2 mmol), using the general procedure, the 
debrominated product was prepared in 79% yield, 0.030g; mp, TLC, and IR identical to 
an authentic sample. 
Preparation of N-6-Ethoxycarbonyl-3-(m-chlorophenyl)sydnonimine (70) from N-6-
Ethoxycarbonyl-4-Bromo-3-(m-chlorophenyl)sydnonimine (77) 
 From the bromosydnonimine (0.069g, 0.2 mmol), using the general procedure, the 
debrominated product was prepared in 71% yield, 0.027g; mp, TLC, and IR identical to 
an authentic sample. 
Attempted Preparation of N-6-Ethoxycarbonyl-4-Iodo-3-Phenylsydnonimine (81) Using 
ICl 
 Following the general procedure117, a solution of iodine monochloride (1 mmol) 
in 10 mL of glacial acetic acid was added dropwise to a stirred mixture of N-6-
ethoxycarbonyl-3-phenylsydnonimine (67, 1 mmol, 0.233g), sodium acetate (0.11g), and 
of glacial acetic acid (10 mL).  Stirring was continued for 20 minutes, after which water 
was added to precipitate the 4-iodo sydnonimine.  A dark oil formed, and TLC 
examination showed that there had been no product formation, only unreacted starting 
material remaining.  This reaction was repeated using ICl solutions and solid with the 
same result.  The reaction was not further examined. 
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Attempted Preparation of N-6-Ethoxycarbonyl-4-Iodo-3-Phenylsydnonimine (81) Using 
NIS 
 To a stirred solution of N-6-ethoxycarbonyl-3-phenylsydnonimine (67, 0.10g) in 
carbon tetrachloride (20 mL) at room temperature was added N-iodosuccinimide (0.11g, 
1.1 eq). The reaction was monitored by TLC, and after 5 hours there was no appreciable 
amount of product formed.  The reaction was run later at a higher temperature, but with 
the same result. The reaction was not further examined. 
 
Attempted Preparation of N-6-Ethoxycarbonyl-4-Chloro-3-Phenylsydnonimine (82) 
Using NCS 
To a stirred solution of N-6-ethoxycarbonyl-3-phenylsydnonimine (67, 0.10g) in 
methanol (20 mL) at room temperature was added N-chlorosuccinimide (0.063g, 1.1 eq). 
The reaction was monitored by TLC, and after 3 hours there was no appreciable amount 
of product formed.  The reaction was run later at a higher temperature and with higher 
amounts of NCS, but the same result ensued. The reaction was not further examined. 
 
Attempted Preparation of N-6-Ethoxycarbonyl-4-Chloro-3-Phenylsydnonimine (82) 
Using PhICl2
 The (dichloroiodo)benzene was prepared by placing iodobenzene (10.01g, 5.5 
mL) and dry dichloromethane (20mL) in a round-bottom flask covered with aluminum 
foil.  The solution was stirred and cooled in an ice-salt bath and 30 minutes later, dry 
chlorine gas was introduced.  After 3 hours, the yellow precipitate was filtered off and 
dried in air. The product (0.9g) was stored in the freezer to prevent decomposition. 
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 To N-6-ethoxycarbonyl-3-phenylsydnonimine (67) [0.233g, 1 mmol) and 
triethylamine (1.5eq, 0.21 mL) dissolved in dichloromethane (15 mL) was added 
(dichloroiodo)benzene (0.546g, 2 mmol) with stirring.  The reaction was monitored by 
TLC, but even after 5 days there was no appreciable amount of product formation.  After 
column chromatography, only starting material was obtained.  The reaction was not 
further examined. 
Preparation of N-6-Ethoxycarbonyl-4-Chloro-3-Phenylsydnonimine (82) Using KClO3
 To a stirred solution of hydrochloric acid (~19%, 3 mL), in a round-bottom flask, 
was added N-6-ethoxycarbonyl-3-phenylsydnonimine (67, 0.070g, 0.003 mmol), and 
potassium chlorate (0.5 eq, 0.0015 mmol, 0.0185g) at room temperature. After 20 
minutes a saturated NaHCO3 solution (~60mL) was added to neutralize the HCl. The 
product was extracted with dichloromethane (3x 30mL). The combined organic layer was 
washed with a 20% NaOH solution, separated, dried (MgSO4) and removed in vacuo. 
Column chromatography (Silica gel, 10% acetone in dichloromethane) was performed 
and the resulting product fraction was crystallized using dichloromethane/hexanes to 
form a brown solid. A second column had to be run to remove a remaining impurity 
(silica gel, 5% acetone in dichloromethane) and this procedure gave the title compound as 
a light brown solid, 0.017g, 21% yield [recrystallization from dichloromethane/hexane; 
mp 117-119°C; ν (KBr) 1685cm-1 (ester C=O), and 1212cm-1 (ester C-O); 1H-NMR 
(CDCl3): 7.795-7.643 (m, 5H), 4.282-4.210 (q, 2H), 1.375-1.328 (t, 3H); 13C-NMR 
(CDCl3): 14.47, 61.63, 104.75 (sydnonimine C-Br), 124.66, 130.32, 131.95, 133.14, 
159.15, 163.53] from N-6-ethoxycarbonyl-3-phenylsydnonimine. A satisfactory 
elemental analysis was not obtained for this putative product. 
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Preparation of N-6-Ethoxycarbonyl-4-Chloro-3-Phenylsydnonimine Bicarbonate Salt 
(86) from 67 Using KClO3
 To a stirred solution of hydrochloric acid (~19%, 3 mL), in a round-bottom flask, 
was added N-6-ethoxycarbonyl-3-phenylsydnonimine (67, 0.070g, 0.003 mmol), and 
potassium chlorate (0.5 eq, 0.0015 mmol, 0.0185g) at room temperature. After 20 
minutes a saturated aqueous NaHCO3 solution (~60mL) was added to neutralize the HCl. 
The product was extracted with dichloromethane (3x 30mL) and the combined extracts 
were dried (MgSO4), filtered and removed in vacuo. Column chromatography (Silica gel, 
10% acetone in dichloromethane) gave a product fraction that was crystallized using 
dichloromethane/hexanes to form white fluffy crystals, 0.062g, 63% yield 
[recrystallization from dichloromethane/hexane; mp 143-145°C; ν (KBr) 3312cm-1, 
1684cm-1 (ester C=O), and 1200cm-1 (ester C-O); 1H-NMR (CDCl3): 9.528 (s, 1H), 9.191 
(s, 1H), 7.678-7.653 (d, 1H), 7.420-7.340 (q, 2H), 7.243-7.194 (t, 1H), 4.360-4.288 (q, 
2H), 1.375-1.327 (t, 3H); 13C-NMR (CDCl3): 14.14, 62.98, 120.01, 121.32, 125.92, 
129.31, 129.37, 135.82, 149.88, 155.64, 158.14] from N-6-ethoxycarbonyl-3-
phenylsydnonimine. A satisfactory elemental analysis was not obtained for this putative 
product. 
Attempted Sonogashira Coupling Reactions with N-6-Ethoxycarbonyl-4-Bromo-3-
Phenylsydnonimine (74) and Acetylenes 
 N-6-Ethoxycarbonyl-4-bromo-3-phenylsydnonimine (74) [0.10g, 0.003 mmol), 
trimethylsilylacetylene (1.6 eq, 0.072 mL), and triethylamine (5.2 eq, 0.23 mL) were 
dissolved in dry THF (25 mL) and the solution was deoxygenated by the freeze / pump / 
thaw method three times. Subsequently, the reaction was heated to 75°C and 
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Pd(PPh3)2Cl2 (0.05 eq, 11 mg) added.  After 10 minutes copper iodide (0.104 eq, 6.3 mg) 
was added and the reaction was allowed to stir under an atmosphere of dry nitrogen.  The 
reaction was monitored by TLC and after 17 hours, water (50 mL) was added to the 
reaction solution in a beaker.  The solution was stirred in the fume hood to remove the 
THF.  Column chromatography (silica: dichloromethane) was performed on the crude 
product.  The desired higher running spot by TLC was not collected after the column, but 
a large amount of the parent 4-H compound 67 was collected.  An attempt to effect this 
same type of reaction using phenylacetylene instead of the TMS acetylene gave the same 
reduction product.  In addition, lowering the temperature to room temperature still did not 
change the outcome.  Each time the starting material was reduced back to the parent 4-H 
compound 67.  The reaction was not further examined. 
Attempted Sonogashira Coupling of N-6-Ethoxycarbonyl-4-Chloro-3-
Phenylsydnonimine 82 with Trimethylsilylacetylene 
N-6-Ethoxycarbonyl-4-chloro-3-phenylsydnonimine (82) [0.04g, 0.0016 mmol], 
trimethylsilylacetylene (1.6 eq, 0.035 mL), and triethylamine (5.2 eq, 0.011 mL) were 
dissolved in dry THF (25 mL) and the solution was deoxygenated by the freeze / pump / 
thaw method three times. The catalyst Pd(PPh3)2Cl2 (0.05 eq, 0.5 mg) was then added and  
after 10 minutes copper iodide (0.104 eq, 3.1 mg) was added and the reaction was 
allowed to stir at room temperature under an atmosphere of dry nitrogen.  The reaction 
was monitored by TLC and, after 24 hours, there was no reaction by TLC evidence.  
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